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EXPERIMENTAL  SURGERY  OF  THE  THORACIC  OESOPHAGUS 

By  Robert  T.  Miller,  Jr.,  and  W.  D.  W.  Andrus 

(From  the  Surgical  Department  of  the  Johns  Hopkins  University 

and  Hospital ) 


The  announcement,  about  twenty  years  ago,  of  a 
method  of  control  of  respiratory  pressures  brought  the 
chest  within  the  realm  of  elective  surgery  and  was  fol¬ 
lowed  by  much  experimental  work  dealing  with  surgery 
of  the  thoracic  viscera.  A  number  of  the  workers  con¬ 
cerned  themselves  with  surgical  problems  of  the  oesopha¬ 
gus,  in  particular  with  resection  and  suture,  and  for  a 
time  there  seemed  reason  to  hope  for  a  considerable 
advance  in  this  field.  But  the  expected  results  have  not 
been  forthcoming.  (Esophageal  surgery  has  not  yet 
emerged  from  the  experimental  phase  of  its  development.  • 

Perhaps  the  thing  most  sought  for  has  been  a  satis¬ 
factory  operative  method  for  meeting  the  problem  offered 
by  carcinoma,  particularly  of  the  lower  third  of  the  tube. 
In  general,  two  schools  have  developed;  one  of  them, 
influenced  by  the  high  infection  risk,  attempts,  by  mobil¬ 


izing  the  oesophagus,  to  convert  the  operation  into  an 
extrathoracic  procedure,  while  the  other,  striving  for 
simplicity,  attempts  the  suture  in  situ.  The  extrathoracic 
method  has  but  very  rarely  resulted  in  restoration  of  an 
intact  tube  and  never  in  less  than  three  months;  most  of 
the  cases  have  been  in  the  hands  of  the  surgeon  nine 
months  or  more,  which  fact,  together  with  the  very  small 
chance  of  definitive  cure,  throws  grave  doubt  upon  the 
value  of  the  method.  In  contrast  with  it,  one  inevitably 
thinks  of  the  relative  surgical  simplicity  and  the  prompt 
functional  result  that  would  be  offered  by  intrathoracic 
suture,  if  such  were  possible,  and  with  this  in  mind  we 
thought  it  worth  while  to  attempt  again  to  devise  an 
intrathoracic  method  of  operation  applicable  to  strictures 
of  the  oesophagus  in  man.  We  feel  a  certain  degree  of 
encouragement  from  our  efforts  as  far  as  they  have  gone 
and  therefore  offer  this  report. 
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Review  of  Intrathoracic  Suture  to  1922 

The  first  successful  intrathoracic  suture  of  a  resected 
oesophagus  was  made  by  Dobromysslow,1  working  in 
Tomsk  in  1901 ;  after  a  4  cm.  resection  in  the  lower  third 
of  the  oesophagus  of  a  dog,  the  ends  were  united  by  two 
rows  of  silk  sutures  and  at  autopsy  three  weeks  later 
there  was  found  satisfactory  healing  with  slight  dilata¬ 
tion  of  the  oesophagus  proximal  to  the  suture.  In  1905 
Sauerbruch  2  made  a  lengthy  report  of  experimental  and 
clinical  work.  In  general,  end-to-end  suture  after  re¬ 
section  met  with  little  success  and  failed  uniformly  after 
resection  of  7  cm.  or  more,  because  of  tension.  He  tried 
to  avoid  tension  by  freeing  the  cardia  from  the  diaphragm 
and  anastomosing  to  a  tip  of  the  stomach  drawn  into 
the  pleural  cavity;  in  20  attempts  he  succeeded  3  times 
in  obtaining  healing.  Six  attempts  were  then  made  to 
obtain  union  by  implanting  the  upper  oesophageal  end 
in  the  stomach  after  the  fashion  of  a  Witzel  gastrostomy; 
the  suture  failed  in  all  6.  It  is  interesting  to  note  that 
recently  Kirschner  3  has  again  proposed  the  Witzel-like 
method  because  of  the  poor  healing  power  of  the  oesopha¬ 
gus.  Although  mobilization  of  the  stomach  did  away 
with  tension  on  the  suture  line,  the  stitch  still  tore  out; 
this  fact  together  with  the  danger  of  infection  led  Sauer¬ 
bruch  to  propose  his  two-stage  plan  of  resection  of  low 
oesophageal  growths,  the  first  operation  to  be  a  thora¬ 
cotomy,  freeing  the  growth  without  opening  the  tract 
and  invaginating  the  growth  into  the  stomach,  the  second 
operation  to  be  a  laparotomy,  opening  the  stomach  and 
amputating  the  invaginated  tumor.  The  almost  uniform 
regularity  with  which  his  stitch,  however  modified,  tore 
out  of  the  oesophagus  led  Sauerbruch  to  try  the  Murphy 
button,  which  proved  so  much  more  successful  than  suture 
in  his  hands  that  he  adopted  it  as  the  method  of  choice 
and  abandoned  any  further  attempts  with  suture. 

Four  years  later  Willy  Meyer  4  reported  on  the  subject. 
He  pulled  enough  of  the  stomach  into  the  chest  to  permit 
anastomosis  by  suture  and  in  6  attempts  obtained  2 
functioning  anastomoses.  About  the  same  time  Zaaijer  5 
reported  3  successes  in  8  attempted  oesophageal  sutures 
and  Jane  way  and  Green  6  published  some  experimental 
work  upon  the  basis  of  which  they  were  inclined  to  favor 
the  Murphy  button  in  preference  to  suture. 

In  1913  Omi  7  of  the  Dairen  Hospital  in  South  Man-  * 
clmria  reported  some  excellent  work.  He  used  silk  sutures 
and  placed  them  in  three  layers,  the  first  in  the  mucosa, 
the  second  in  the  muscle  and  adventitia,  the  third  layer 
being  an  external  continuous  Lembert.  Of  9  end-to-end 
sutures  of  the  thoracic  oesophagus  7  were  successful;  of 
5  intrathoracic  cesophagogastrostomies  3  showed  intact 
suture  lines,  one  animal  dying  of  diaphragmatic  hernia 
on  the  5th  day,  one  of  pneumonia  on  the  62d  day  and 
one,  sacrificed  on  the  135th  day,  showing  a  large  diaphrag¬ 
matic  hernia  at  autopsy.  Omi  then  attempted  gastrecto¬ 
my  followed  by  anastomosis  between  the  oesophagus  and 


the  duodenum  or  jejunum  and  in  11  animals  obtained  an 
intact  suture  line  7  times,  the  results  being  controlled  by 
autopsy.  Finally,  he  attempted  resection  and  immediate 
reimplantation  of  4-6.5  cm.  lengths  of  the  oesophagus, 
but  the  transplant  uniformly  became  gangrenous.  Omi 
felt  that  a  carefully  made  suture  of  the  oesophagus  is 
sufficiently  reliable  to  warrant  its  adoption  in  human 
surgery;  beyond  question  his  work  justified  this  con¬ 
clusion  if  the  result  of  suture  in  the  dog  may  be  accepted 
as  applicable  to  man. 

In  1914  Enderlen  8  reported  the  result  of  four  years’ 
work  on  oesophageal  suture.  His  main  effort  was  directed 
toward  devising  some  way  of  restoring  the  continuity  of 
the  tube  after  extensive  oesophageal  resections,  but  his 
first  success  came,  as  with  Omi  and  Zaaijer,  in  end-to-end 
suture  after  resections  of  but  3  cm.  Efforts  to  restore 
the  continuity  of  the  tract  after  extensive  resections  by 
substituting  for  the  oesophagus  either  a  loop  of  small 
bowel,  or  a  Jianu  9  tube  made  from  the  greater  curvature 
of  the  stomach,  uniformly  resulted  in  gangrene  of  the 
substituted  material.  Mobilization  of  the  proximal  por¬ 
tion  of  the  oesophagus  to  a  dorsal  extrathoracic  position 
for  eventual  anastomosis  with  a  Jianu  tube  brought  out 
through  the  chest-wall  resulted  in  necrosis  of  the  end  of 
the  oesophagus.  Enderlen’s  final  effort  was  made  with 
the  stomach ;  after  gastroenterostomy  placed  in  the 
fundus  rather  than  the  antrum  the  stomach  was  mobilized 
except  for  the  left  side,  the  pylorus  divided  and  pulled 
up  through  the  chest  to  the  neck  where  it  was  anchored 
to  the  skin  above  the  clavicle.  This  arrangement  invari¬ 
ably  resulted  in  dilatation  of  the  stomach  so  great  as 
to  produce  fatal  compression  of  the  heart  and  lungs. 

It  is  noteworthy  that  among  these  men  Sauerbruch  is 
almost  alone  in  adopting  the  Murphy  button  in  place 
of  sutures  and  that  he  came  to  this  view  after  persistent 
efforts  to  suture  the  oesophagus  had  convinced  him  that 
the  stitch,  no  matter  how  made,  is  almost  certain  to 
tear  out.  In  spite  of  his  adoption  of  the  Murphy  button, 
however,  the  advice  in  its  favor  has  had  little  heed,  for 
almost  all  experimenters  have  persisted  in  efforts  with 
the  suture  which,  as  a  result,  has  been  brought  to  a 
reasonable  degree  of  security.  In  the  literature  of  this 
subject  one  finds  frequent  expression  of  the  opinion  that 
suture  of  the  oesophagus  is  uncertain  because  of  three 
factors,  viz.,  the  oesophagus  offers  no  firm  tissue  for  the 
suture  to  grasp  and  hence  it  tears  out;  it  is  difficult  to 
avoid  a  fatal  degree  of  tension  on  the  suture  line,  and 
finally,  freeing  enough  of  the  tube  to  allow  room  for 
suture  is  apt  to  destroy  circulation  to  the  point  of  re¬ 
sultant  gangrene.  Our  work  has  convinced  us  of  the 
.  fallacy  of  this  opinion.  The  submucosa  of  the  dog’s 
oesophagus  is  so  strong  and  so  well  developed  that  it 
offers,  at  least  in  the  lower  third,  as  sturdy  tissue  for 
the  suture  to  grip  as  does  the  bowel.  In  the  lower  third 
of  the  tube,  tension  on  the  suture  line  can  be  entirely 
avoided;  furthermore,  we  believe  a  method  is  presented 
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whereby  tension  can  be  avoided  for  any  suture  of  the 
dog’s  thoracic  oesophagus  excepting  only  that  of  the 
extreme  upper  portion.  We  have  not  encountered  necrosis 
of  the  isolated  tube. 

Resection  in  the  Lower  Third  op  the  (Esophagus 
Restoration  of  the  Continuity 

After  resection  in  the  lower  third,  continuity  may  be 
re-established  by  an  end-to-end  anastomosis  of  the 
oesophagus  or  by  implanting  the  end  of  the  oesopha¬ 
gus  in  the  fundus  of  the  stomach  drawn  up  into 
the  chest  through  the  diaphragm.  Unless  the  stomach 
is  first  mobilized  by  freeing  it  from  the  diaphragm  and 
drawing  it  into  the  chest,  end-to-end  suture  offers  little 
chance  to  bridge  any  but  a  very  short  gap,  and  for  this 
reason  seems  destined  to  play  a  small  part  in  human 
surgery.  Conversely,  if  the  stomach  is  so  mobilized  and 
drawn  into  the  chest,  it  is  found  that  a  wider  gap  can 
be  bridged  by  implantation  of  the  oesophageal  end  into 
the  fundus  than  by  end-to-end  suture;  this  scheme,  there¬ 
fore,  became  our  routine  procedure.  The  bulkhead 
method  of  intestinal  suture,  recently  described  by  the 
late  Professor  Halsted,10  seemed  particularly  suitable  for 
our  purpose  and  was  therefore  adopted,  although  with 
a  slight  modification  in  that  we  did  not  use  the  knife 
described  in  his  report. 

The  operation  we  practised  is  carried  out  by  the  fol¬ 
lowing  plan.  After  a  preliminary  dose  of  morphine, 
anaesthesia  is  maintained  by  ether  insufflation.  The  ap¬ 
proach  is  made  through  the  8th  left  intercostal  space, 
which  gives  an  excellent  exposure.  The  lower  third  of 
the  oesophagus,  extending  roughly  from  the  diaphragm 
to  the  bifurcation  of  the  trachea,  is  readily  isolated; 
during  this  manoeuvre  the  right  pleural  cavity  may  be 
opened.  The  two  vagus  trunks  accompany  the  oesophagus 
closely,  the  right  occupying  an  antero  lateral  position  and 
the  left  a  postero-lateral ;  these  two  trunks  can  be  easily 
freed  and  preserved  at  this  level,  but  since  it  probably 
would  be  impossible  to  save  them  in  resecting  the  cardia 
or  lower  oesophagus  for  carcinoma,  we  have  usually 
divided  them  when  first  encountered.  Separation  of  the 
cardia  from  the  diaphragm  is  readily  made  by  hugging 
the  cardia  closely  and  is  followed  by  ligation  of  several 
vessels  in  the  cut  edge  of  the  diaphragm,  viz.,  those 
anastomosing  the  phrenic  and  coronary  systems.  The 
fundus  of  the  stomach  can  now  be  drawn  through  the 
diaphragm  without  difficulty,  and  if  one  then  doubly 
ligates  and  divides  the  trunk  of  the  coronary  artery,  the 
entire  stomach,  with  or  without  the  spleen,  can  be  drawn 
into  the  chest.  The  oesophagus  is  now  divided  at  the 
cardia  and  the  cardial  stump  inverted.  The  site  for  im¬ 
plantation  is  selected  and  prepared  on  the  anterior  wall 
of  the  stomach  well  up  on  the  fundus  to  the  left  of  the 
cardia.  A  circular  area,  the  desirable  diameter  of  which 
seems  to  be  about  twice  that  of  the  oesophageal  lumen,  is 
outlined  by  an  incision  through  the  muscular  coat;  this 


exposes  numerous  vessels  which  require  ligation  as  was 
shown  by  one  prompt  post  operative  death  caused  by 
haemorrhage  from  this  source.  A  temporary  occluding 
ligature  is  obtained  by  threading  a  needle  with  strong 
silk  and  grasping  the  tissue  in  the  bed  of  this  incision 
at  close  intervals;  this  ligature  catches  preferably  only 
the  submucosa  and  must  be  tied  snugly  to  prevent 
telescoping  of  the  gastric  mucosa.  The  lumen  of  the 
oesophagus  is  closed  in  similar  fashion  at  the  upper  limit 
of  the  proposed  resection.  Both  the  stomach  and  oesopha¬ 
gus  are  now  cut  away  just  distal  from  the  occluding  liga¬ 
tures  and  the  resultant  stumps  are  first  sterilized  with 
the  cautery  or  carbolic  acid  and  then  brought  into  ap¬ 
position  by  mattress  sutures  of  fine  silk;  just  before  the 
last  two  or  three  mattress  sutures  are  tied,  the  loop  of 
each  occluding  ligature  is  drawn  into  plain  view  and 
cut,  and  these  threads  are  pulled  out,  thus  re-establishing 
the  lumen.  Care  is  taken  to  secure  a  firm  hold  on  the  sub¬ 
mucosa  with  the  first  row  of  stitches.  The  second  suture 
layer  consists  of  a  continuous  stitch  of  fine  silk  which 
buries  the  first  layer,  grasping  preferably  only  the  muscu¬ 
lar  coats  of  the  two  viscera.  The  operation  is  completed 
by  sewing  the  edge  of  the  diaphragm  to  the  stomach  wall 
and  closing  the  chest  with  a  pericostal  stitch.  The  method 
outlined  is  well  illustrated  by  the  accompanying  pictures 
(Figs.  1-7). 

Results  of  Operation 

Anastomosis  was  made  by  the  above  method  18  times. 
Four  dogs  died  within  a  few  hours  after  operation  of 
luemorrhage  and  shock.  Fourteen  dogs  survived  opera¬ 
tion;  of  this  number  11  were  shown  to  have  an  intact 
suture  line  and  a  functioning  anastomosis.  The  fate  of 
these  11  may  be  listed  as  follows:  one  lived  6  months 
and  was  sacrificed;  2  died  of  dilatation  of  the  stomach 
on  the  21st  and  24th  day,  respectively;  4  died  of  dis¬ 
temper  3,  7,  17,  and  20  days  after  operation,  respectively ; 
one  died  of  diaphragmatic  hernia  on  the  6tli  day;  3  died 
of  infection  on  the  5th,  10th,  and  19th  day,  respectively. 
Thus,  among  the  11  sutures  which  are  classed  as  success¬ 
ful,  one  animal  was  in  excellent  health  at  the  end  of  6 
months,  7  died  of  conditions  reflecting  in  no  way  upon 
the  security  of  the  suture  of  the  oesophageal  wall,  viz., 
distemper,  dilatation  of  the  stomach  and  diaphragmatic 
hernia,  and  3  dogs  dying  of  infection  showed  at  autopsy 
a  healed  and  functioning  anastomosis  (Figs.  8-13).  This 
is  a  rather  high  incidence  of  infection,  but  we  do  not  feel 
that  it  is  prohibitive.  It  seemed  evident  to  us,  as  our 
technique  developed,  that  the  infection  risk  could  be  re¬ 
duced,  and  was  in  fact  reduced,  to  a  point  approaching 
that  of  intestinal  suture.  Inasmuch  as  this  report  is 
submitted  in  order  to  demonstrate  that  a  suture  of  the 
oesophagus  can  be  so  made  as  to  hold  securely  and  to 
result  in  satisfactory  healing,  the  ultimate  fate  of  our 
animals  is  without  significance  provided  autopsy  showed 
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an  intact  functioning  anastomosis  as  it  did  in  the  11 
animals  in  question. 

It  is  of  interest  to  note  that  dilatation  of  the  stomach 
has  occurred  in  the  work  of  others  ( Sauerbruch,  Ender- 
len)  and  that  it  seems  to  be  a  result  of  disturbance  of  the 
neurological  control  of  the  stomach  rather  than  of  com¬ 
pression  of  the  pylorus  by  the  diaphragm  which  has  been 
stitched  about  the  distal  part  of  the  stomach.  Some  effort 
was  made  to  associate  it  with  section  of  the  vagus  nerves, 
but  the  problem  proved  so  complicated  that  work  upon 
this  subject  was  temporarily  abandoned.  It  seems  reason¬ 
able  to  anticipate  that  prompt  recognition  and  treatment 
of  this  possible  postoperative  complication  in  the  human 
would  meet  the  situation  successfully,  for  there  is  some 
experimental  evidence  that  the  disturbance  of  neuro¬ 
logical  control,  even  if  due  to  section  of  the  vagus  nerves, 
is  not  permanent  and  that  the  stomach  will  soon  regain 
its  tone.  It  was  found  that  diaphragmatic  hernia  can 
be  prevented  by  accurate  stitching  of  the  edge  of  the 
diaphragm  to  the  stomach,  but  that  this  stitch  must  be 
made  with  great  care;  since  the  size  of  the  human  chest 
offers  greater  accessibility,  it  would  seem  that  the  repair 
should  be  easier  and  therefore  more  secure,  thus  reducing 
the  hernia  chance  in  man  well  below  that  in  the  dog.  It 
is  interesting  to  note  that  Omi,  after  trying  a  number  of 
procedures  in  an  effort  to  prevent  hernia,  completely 
excised  the  diaphragm  on  the  left  side  and  found  that 
the  animal  seemed  to  suffer  no  marked  consequences;  he 
was  led  to  attempt  this  through  the  observation  of  a 
Turkish  soldier  in  the  First  Balkan  War  who  lived  an 
active  military  life  for  a  number  of  years  with  a  rather 
complete  diaphragmatic  hernia  caused  by  a  gunshot 
wound. 

We  feel  that  our  experience,  as  detailed  above,  shows 
oesophageal  suture  to  be  entirely  feasible  upon  the  dog, 
that  the  high  mortality  was  due  to  causes  other  than 
failure  of  the  suture,  and  that  these  causes  are  in  large 
measure  avoidable. 

Three  of  the  fourteen  tests  failed;  twice  because  the 
suture  tore  out  as  the  result  of  tension,  and  once  because 
of  a  small  area  of  gangrene  of  that  part  of  the  stomach 
wall  involved  in  the  suture.  Mobilization  of  the  stomach, 
as  developed  in  the  later  part  of  our  work,  offers  an 
apparently  secure  means  of  avoiding  tension,  at  least  in 
the  dog,  so  that  failure  of  the  suture  from  this  cause  is 
not  to  be  anticipated  under  ordinary  conditions.  The 
one  instance  of  gangrene  of  the  wall  of  the  stomach  was 
not  satisfactorily  explained,  though  it  seemed  probably 
due  in  some  way  to  an  incorrectly  placed  suture  which 
occluded  a  terminal  artery;  the  fact  that  it  occurred 
only  once  reduces  its  significance. 

Mobilization  of  the  Stomach 

Experimental  work  has  shown  definitely  that  end-to- 
end  suture  of  the  dog’s  (esophagus  to  bridge  a  gap  of 
more  than  3  centimeters  is  apt  to  fail  because  of  tension 


on  the  suture.  This  limits  the  possible  usefulness  of  the 
operation  greatly ;  in  our  present  state  of  diagnostic 
ability  one  hardly  need  anticipate  encountering  an 
oesophageal  carcinoma  which  could  be  satisfactorily 
treated  by  so  limited  a  resection.  It  is  obviously  neces¬ 
sary  to  devise  other  means  of  substitution  for  that  por¬ 
tion  of  the  oesophagus  removed.  In  an  effort  to  solve  this 
problem  we  experimented  in  mobilization  of  the  stomach. 

If,  through  an  intercostal  incision,  one  separates  the 
cardia  from  the  diaphragm,  it  is  immediately  possible  to 
draw  a  portion  of  the  stomach  into  the  thorax,  but  the 
extent  to  which  this  may  be  done  is  definitely  limited 
by  the  short  and  direct  coronary  artery,  which  first 
reaches  the  stomach  on  the  lesser  curvature  near  the 
cardia,  and,  to  a  lesser  degree,  by  the  vasa  brevia  entering 
from  the  splenic  artery.  Division  of  the  coronary  artery 
liberates  the  stomach  greatly,  allowing  much  more  of  it 
to  be  drawn  into  the  chest;  and  if  one  sections  the  vasa 
brevia  as  well,  it  is  found  .  in  the  dog  that  the  entire 
stomach  can  be  drawn  readily  into  the  left  pleural  cavity 
and  the  edge  of  the  diaphragm  sutured  to  the  pylorus 
without  tension,  thus  providing  more  than  enough  ma¬ 
terial  to  replace  the  lower  third  of  the  oesophagus  (Fig. 
3).  The  distance  to  which  the  fundus  of  the  dog’s  stomach 
can  be  carried  into  the  upper  chest  after  such  a  mobiliza¬ 
tion  is  fixed  by  the  left  gastro  epiploic  artery  which  is 
the  next  structure  to  be  drawn  taut,  but  we  have  freed 
the  stomach  by  this  method  many  times  and  have  found 
it  possible  in  every  instance  to  carry  it  quite  high  enough 
to  replace  the  lower  two-thirds  of  the  thoracic  oesophagus 
and  frequently  more  (Fig.  II).  Experiments  were,  there¬ 
fore,  undertaken  to  determine  whether  a  stomach  so 
treated  is  invariably  viable.  In  19  dogs  we  divided  the 
anastomotic  branches  of  the  phrenic  artery  in  the  dia¬ 
phragm  about  the  cardia,  the  coronary  artery  and  the 
vasa  brevia,  sometimes  replacing  the  stomach  in  the 
abdomen  and  sometimes  leaving  it  in  the  chest.  Only  one 
of  the  stomachs  so  treated  showed  any  alteration  in 
viability  whatever,  but  this  one  case  presented  a  definite 
necrosis  of  a  limited  portion  of  the  fundus.  If  one  carries 
the  idea  further  and  divides  the  left  gastro-epiploic  artery 
in  addition  to  the  three  already  sectioned,  as  we  did  in 
15  instances,  at  least  two-thirds  of  the  stomachs  so 
treated  show  quite  promptly  an  area  of  necrosis  in  the 
fundus  3  to  4  cm.  in  diameter,  involving  the  entire  thick¬ 
ness  of  the  wall  and  resulting  in  acute  perforating  ulcer 
(Figs.  15-17).  Obviously  the  stomach  wall  will  not  with¬ 
stand  so  wide  a  destruction  of  its  vascular  supply. 

In  a  report  unknown  to  us  until  our  work  on  mobiliza¬ 
tion  of  the  stomach  was  about  completed,  we  found  a  pro¬ 
posal  by  Kirschner  3  of  much  the  same  scheme.  His  idea 
is  to  separate  the  stomach  freely  from  its  attachments, 
leaving  only  the  blood  supply  entering  from  the  right 
side,  and  to  utilize  it  in  an  extrathoracic  reconstructive 
operation.  Kirschner  supports  his  proposal  by  citing  a 
statement  from  Litthauer  12  that  one-third  of  the  circu- 
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PLATE  VII 


Fig.  2. — Separation  of  the  cardia  from  the  diaphragm 

completed. 


Branch  of  phrenic 


P .ranched  of 
Si  coronary , 


lortc 


Fig.  3. — Stomach  drawn  into  left  pleural  cavity  after  ligation  of  the  vessels 
in  the  diaphragm,  the  coronary  artery  and  the  vasa  brevia. 

Note  the  entire  stomach  drawn  into  the  chest. 


Fig.  4. — Preparation  of  the  site  for  implantation  in  the 

stomach  wall. 
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Fig.  5.  Beginning  of  the  stitch  anastomosing  the  oesophagus 

to  the  stomach. 


Site,  of  inverted 
cardiac  stump 


Big.  6A. — The  four  cardinal  mat¬ 
tress  stitches  have  been  placed. 


Fig.  6B. — The  first  layer  is 
complete  except  for  tying 
the  two  final  sutures. 


I*  ig.  7A.  The  first  layer  completed. 


Fig.  7B.  Placing  of  the  second  and 
final  suture  layer. 


,.  — &  nv-au  uu  ULI1  u ay  or 

diaphragmatic  hernia.  Anastomosis  seen  from  per- 
1  oneal  aspect.  The  stomach  wall  immediately 
around  the  anastomosis  has  been  excised  and  spread 
at.  From  this  surface  the  stump  of  the  oesophagus 
projects  directly  toward  the  observer,  thus  bringing 
practically  the  entire  suture  line  into  view. 
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PLATE  IX 
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peritoneal 

surface 


Anastomosis , 
mucosal  sur¬ 
face 


Oesophagu 


Fig.  9.- — Suture  line  of  dog  dead  on  10th  day  of  infection. 


Fig.  10. — Dog  dead  on 
24th  day  of  dilatation  of 
stomach  compressing  heart 
and  lungs.  Site  of  anasto¬ 
mosis.  Note  silk  stitch 
hanging  free  in  the  lumen. 


Fig.  11. — Dog  dead  on 
21st  day  of  gastric  dilatation 
compressing  heart  and  lungs. 
Site  of  anastomosis. 


./tomach 


PLATE  X 
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Fig.  12. — 19th  day.  Oesophageal  mucosa  near  suture  line 
showing  actively  regenerating  epithelium. 


Fig.  13. — 19th  day.  Inner  edge  of  anastomosis  showing 
union  and  progressing  epithelialization. 


Fig.  14. — Illustrates  the  possible  use  of  the  stomach  as  a 
substitute  for  most  of  the  thoracic  oesophagus. 
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PLATE  XI 


Fig.  15. — Animal  killed  4S  hours  after  ligation  of  phrenic 
anastomoses  in  the  diaphragm,  the  coronary  artery,  the  vasa 
brevia,  and  the  left  gastro-epiploic.  Stomach  viewed  from  the 
mucosal  surface.  Note  area  of  gangrene  in  fundus  of  stomach. 


Fig.  17. — Animal  dead  24  hours  after  ligation  of  the 
phrenic  anastomoses  in  the  diaphragm,  the  coronary  artery, 
the  vasa  brevia,  and  the  left  gastro-epiploic.  Stomach  viewed 
from  the  mucosal  surface.  Note  extensive  area  of  gangrene 
in  fundus  of  stomach. 


Fig.  16. — Animal  sacrificed  at  the  end  of  7  2  hours  after 
ligation  of  the  phrenic  anastomoses  in  the  diaphragm,  the 
coronary  artery,  the  vasa  brevia,  and  the  left  gastro-epiploic. 
Stomach  viewed  from  the  peritoneal  surface.  Note  extensive 
area  of  gangrene  in  the  fundus  anterior  wall. 


Fig.  18. — Submucosa  of  the  dog’s  oesophagus.  Hemotox- 
ylin-eosin  stain. 


PLATE  XII 
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Fig.  19. — Submucosa  of  dog's  oesophagus, 
tissue  stain,  showing  almost  entire  absence  of 


Weigert  elastic 
elastic  tissue. 


Fig.  20. — Submucosa  of  the  human  oesophagus.  Hemotox- 
ylin-eosin  stain  showing  muscularis  mucosae  above  and  circular 
muscle  layer  below. 


Fig.  21. — Human  oesophagus, 
sue  stain,  showing  well  developed 


Van  Gieson  connective  tis- 
submucosa. 


Fig.  22. — Submucosa  of  human  oesophagus.  Weigert  elastic 
tissue  stain,  showing  relatively  large  amount  of  elastic  tissue 
present. 


April,  1923] 


JOHNS  HOPKINS  HOSPITAL  BULLETIN 


113 


lation  of  the  human  stomach  may  be  destroyed  without 
effect  upon  its  viability,  W.  Braun’s  13  statement  that 
four-fifths  of  the  circulation  may  be  so  sacrificed,  and 
the  expression  of  an  opinion  from  Alberts 14  that  one 
may  ligate  widely  along  both  curvatures  in  man  without 
serious  effect  upon  the  stomach.  Four  experiences  with 
the  proposed  scheme  are  reported  by  Kirschner,  but  his 
argument  is  not  entirely  convincing.  The  experimental 
work  we  present  seems  to  show  clearly  that  the  stomach 
will  tolerate  destruction  of  its  circulation  up  to  a  definite 
limit,  but  that  the  radical  proposal  of  Kirschner  exceeds 
this  limit  so  far  that  one  would  hesitate  before  adopting 
it.  We  feel,  however,  that  division  of  the  three  arteries 
as  proposed  above  is  feasible  and  that  if,  after  division 
of  these  arteries,  one  exercises  care  to  suture  the  dia¬ 
phragm  to  the  pylorus  or  antrum  so  as  to  avoid  com¬ 
pression  of  both  gastroepiploic  arteries,  the  chance 
of  necrosis  of  the  stomach  wall  is  exceedingly  slight. 
Mobilization  of  the  stomach  after  this  fashion  provides 
a  means  for  replacing  most  of  the  thoracic  oesophagus 
in  a  dog,  but  it  is  only  too  obvious  that  the  stomach  of 
a  healthy  dog  and  the  atrophied  human  stomach  below 
an  oesophageal  cancer  are  not  entirely  analogous;  the 
applicability  of  the  method  to  man  has  yet  to  be  demon¬ 
strated,  but  we  are  very  hopeful  that  it  will  prove  service¬ 
able  in  resections  of  the  lower  third  at  least. 

The  Structure  of  the  (Esophagus 

Reference  has  been  made  above  to  frequent  expression 
in  the  literature  of  the  idea  that  the  human  oesophagus 
lacks  a  well  developed  submucosa  and  so  offers  great 
difficulty  for  suture.  Successful  suture  of  the  gastro¬ 
intestinal  tract  is  after  all  dependent  largely  upon  the 
tough  submucous  layer  which  the  stitch  grasps  and  holds 
firmly.  If  this  tissue  is  available  there  is  little  question 
of  the  suture  holding.  A  rather  well  developed  sub¬ 
mucosa  is  readily  demonstrable  in  the  human  oesophagus, 
particularly  in  its  lower  third. 

Histological  study  of  several  corresponding  levels  of 
the  human  oesophagus  and  that  of  the  dog  brings  out  the 
following  points.  When  the  difference  in  body  size  is 
considered,  the  canine  oesophagus  is  slightly  thicker,  rela¬ 
tively,  than  the  human,  but  this  added  thickness  is  due 
chiefly  to  the  bulky  longitudinal  muscle  layer  which  in 
the  dog  is  largely  of  the  striated  type.  Both  have  a  very 
definite  and  well  developed  submucosa  of  about  equal 
thickness  but  of  decidedly  different  makeup.  In  the  dog 
(Fig.  18)  this  layer  consists  of  areolar  connective  tissue, 
the  fibres  of  which  are  somewhat  larger  than  those  of 
the  human  oesophagus,  but  elastic  fibres,  as  brought  out 
by  the  Weigert  method,  are  almost  entirely  lacking  (Fig. 
19).  Buried  in  the  submucosa  and  extending  in  a  com¬ 
plete  ring  around  the  dog’s  oesophagus  from  the  retro¬ 
pharyngeal  region  to  the  cardia  are  numerous  mucous 
glands.  The  human  oesophagus  (Figs.  20  and  21)  has  a 


submucosa  made  up  of  areolar  tissue  whose  fibres  are 
slightly  smaller,  as  a  rule,  than  those  of  the  dog,  but 
elastic  fibres  are  numerous  throughout  its  entire  length 
(Fig.  22),  being  about  as  plentiful  here  as  in  the  sub¬ 
mucosa  of  the  stomach  or  intestine.  A  few  glands  are 
to  be  found  just  below  the  pharynx  and  again  just  above 
the  diaphragm,  but  elsewhere  they  are  infrequent.  The 
muscular  layers  of  the  human  oesophagus  are  made  up 
almost  entirely  of  smooth  muscle  excepting  for  the 
presence  of  a  small  amount  of  the  striated  type  in  the 
longitudinal  layer  for  a  short  distance  below  the  phar¬ 
ynx  ;  in  the  dog  the  entire  muscular  coat  is  of  the  striated 
type  in  approximately  the  upper  third,  below  which  level 
the  circular  layer  begins  to  show  smooth  muscle,  the 
longitudinal  layer  remaining  almost  completely  of  the 
striated  type  throughout  its  entire  length.  Histological 
study  thus  shows  clearly  that  the  human  oesophagus  has 
a  well  developed  submucosa  and  its  appearance  suggests 
that  this  layer  offers  as  firm  a  grasp  for  a  stitch  as  that 
of  the  dog. 

Gross  demonstration  of  the  strength  of  the  human  sub¬ 
mucosa  is  readily  made  and  seems  quite  convincing  when 
one  considers  the  following  facts.  If  one  strips  from  a 
fresh  lower  third  of  the  human  oesophagus  its  mucosal 
and  muscular  layers,  there  remains  a  tough  tube  com¬ 
posed  almost  exclusively  of  submucosa.  This  layer  holds 
the  point  of  a  fine  intestinal  needle  so  securely  that 
pressure  upon  its  shank  will  break  the  needle  before  the 
point  tears  out,  a  method  of  demonstration  used  long 
ago  by  Halsted  in  his  work  upon  intestinal  suture.  If 
a  freshly  removed  lower  third  of  the  human  oesophagus 
is  first  divided  and  then  stitched  together  with  two  layers 
of  fine  silk  sutures  grasping  the  submucosa,  the  first  layer 
consisting  of  mattress  stitches,  the  second  of  a  continu¬ 
ous  stitch,  it  is  found  that  this  suture  line  withstands 
the  pressure  of  a  six  foot  column  of  water  without  the 
escape  either  of  fluid  or  of  gas ;  surely  no  operation  would 
make  such  a  demand  upon  the  security  of  a  stitch. 

It  is,  of  course,  obvious  that  a  serosal  covering  such  as 
the  dog  has  in  the  lower  third  is  a  distinct  advantage  for 
the  surgeon,  and  it  is  probably  true  that  with  our  present 
methods  there  would  be  a  higher  incidence  of  successful 
suture  in  such  an  oesophagus  than  in  one  lacking  the 
serosa  as  the  human  does,  but  it  is  hardly  reasonable  to 
abandon  our  efforts  to  develop  a  reliable  method  of  stitch¬ 
ing  because  of  this  anatomical  lack  in  man.  This  seems 
particularly  true  in  view  of  the  histological  facts  pre¬ 
sented  above ;  one  may  well  hope  that  refined  methods  of 
suture  will  overcome  this  handicap  in  human  surgery. 

Summary 

The  work  here  reported  demonstrates  (a)  the  feasibili¬ 
ty  of  suture  of  the  oesophagus  in  the  dog,  (b)  a  fairly 
satisfactory  substitute  for  at  least  the  lower  two-thirds 
of  the  tube,  and  (c)  the  presence  of  a  well  developed  sub- 
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mucosa  in  the  human  oesophagus.  With  these  facts  at 
hand  it  would  seem  that  efforts  to  develop  the  obvious 
surgical  possibilities  are  to  he  encouraged  and  that  per¬ 
sistence  may  well  be  rewarded  by  success  in  the  manage¬ 
ment  of  cancer  of  the  human  oesophagus.  One  must  keep 
in  mind  the  fact  that,  after  all,  the  healthy  dog  is  far 
better  operative  material  than  the  diseased  human  and 
that,  for  this  reason,  sound  judgment  exercises  consider¬ 
able  hesitation  before  submitting  the  conclusions  of  ex¬ 
perimental  surgery  to  the  test  of  human  application; 
however,  even  from  a  conservative  point  of  view,  it  would 
appear  that  resection  and  suture  in  situ  of  the  human 
oesophagus  are  not  beyond  the  bounds  of  possibility,  but 
rather  offer  us  definite  grounds  for  hope.  The  futility  of 
our  present  management  of  cancer  of  the  thoracic  oesopha¬ 
gus  surely  justifies  us  in  undertaking  procedures  of 
promise  even  though  they  involve  a  greater  risk  than  one 
would  assume  willingly.  Mobilization  of  the  oesophagus 
with  efforts  to  construct  an  extrathoracic  tube  presents 
many  difficulties,  so  many,  in  fact,  as  to  cast  grave  doubt 
upon  its  real  usefulness.  Lilienthal’s  15  case  emphasizes 
the  possibilities  of  extrapleural  attack  upon  cancer  of 
the  oesophagus,  but  this  plan  of  action  has  definite  limita¬ 
tions.  The  manifold  advantages  of  an  adequate  trans¬ 
pleural  intrathoracic  method  giving  reasonable  freedom 
of  action,  if  such  can  be  developed  to  the  point  of  practi¬ 
cal  use,  are  so  evident  that  persistent  effort  in  this  direc¬ 
tion  seems  more  than  justified;  it  is  in  this  spirit  that 
our  work  is  reported. 
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CLOSURE  OF  GRANULATING  WOUNDS  WITH  REVERDIN-HALSTED 

GRAFTS 

Bv  Karl  Schlaepfer^  M.  D. 

(From  the  Surgical  Clinic  of  the  Johns  Hopkins  Hospital 
and  University) 


A  skin  defect  following  an  aseptic  operation  is  gener¬ 
ally  repaired  by  turning  in  a  skin  flap  from  the  adjacent 
region,  one  of  the  well-known  methods  of  mobilization  be¬ 
ing  chosen,  such  a  procedure  rendering  it  possible  to 
avoid  putting  the  edges  of  the  wound  under  too  great 
tension.  Wolfe  grafts  are  very  seldom  used,  preference 
being  given,  wherever  the  mobilization  method  is  found 
unsuitable,  to  the  Ollier-Thiersch  grafts.  This  technic 
has  been  employed  with  great  success  at  the  end  of  the 
Halsted  operation  for  cancer  of  the  breast ;  when,  instead 
of  putting  the  borders  of  the  skin  defect  under  extreme 
tension  by  attempting  primary  union,  and  thereby  risk¬ 
ing  sloughing  of  the  edges  with  secondary  infection  and 


regional  lymphangitis,  the  defect  is  covered  with  large 
Thiersch  grafts.  By  means  of  this  modification  elephan¬ 
tiasis  chirurgica * — a  chronic  lymphangitis  in  the  axilla 
of  the  operated  side  characterized  by  an  intermittent, 
cedematous  swelling  of  the  arm,  can  be  avoided,  and  per¬ 
fect  function  of  the  arm  obtained  within  a  shorter  time 
than  with  other  methods  and  in  every  case  without  dif¬ 
ficulty. 

Following  an  accident  an  extensive  lacerated  wound 
may  result,  with  subsequent  necrosis  of  a  large  area  in  the 
soft  tissues.  In  such  conditions,  owing  to  the  more 


*  First  described  by  the  late  Professor  Halsted. 
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marked  vascular  disturbance  in  the  tissues  in  the  pres¬ 
ence  of  suppuration,  infection  interferes  with  the  healing 
and  prolongs  the  illness.  In  dealing  with  such  a  wound, 
when  primary  closure  is  thought  unwise  on  account  of 
the  extensive  crushing,  with  vascular  disturbance  (throm¬ 
bosis)  and  subsequent  swelling,  if  the  Carrel-Dakin  treat¬ 
ment  is  started  immediately  after  the  primary  debride¬ 
ment,  secondary  closure  may  later  become  possible.  In 
cases  in  which  the  Dakin  treatment  has  not  been  started 
until  signs  of  infection  have  appeared  in  the  wound,  or 
not  until  later,  in  the  granulating  stage,  secondary 
closure  is  generally  impossible  because  of  scar  infiltra¬ 
tion  at  the  base  of  the  resulting  .defect.  This  same 
condition  causes  also  inelasticity  in  the  neighboring 
tissue.  The  grooves  resulting  after  sequestrotomy  in 
cases  of  chronic  osteomyelitis,  especially  of  the  long 
bones,  often  form  chronic  sinuses,  which  resist  any  at¬ 
tempt  at  closure.  The  fact  that  the  tissue  surrounding 
such  a  wound  is  immunized  by  the  secretions  renders 
possible  the  use  of  pedunculated  flaps  of  muscle,  or  of 
muscle,  fat,  and  skin.  However,  even  when  these  flaps 
are  successfully  turned  into  the  defect,  they  may  gape 
later  as  a  result  of  the  edematous  swelling  which  oc¬ 
curs  in  the  flap  as  a  reaction  to  the  traumatism  of  the 
operation  and  to  the  simultaneous  opening  up  of  so  many 
lymphatics.  A  secondary  dislocation  of  the  flap  is  a 
frequent  complication  following  these  plastic  operations. 
A  fistulous  tract  as  the  final  result  presents  a  new  prob¬ 
lem.  Healing  has  not  taken  place.  Moreover,  if  nails 
have  been  used  at  the  time  the  flap  was  turned  into  the 
granulating  groove, — a  method  for  fixation  of  the  flap 
advocated  by  many  authors — a  new  focus  of  osteomyeli¬ 
tis  is  formed,  which  endangers  the  result  in  still  another 
way.  Even  when  primary  closure  of  the  defect  has  ap¬ 
parently  followed  the  operation,  abscess  formation  with  a 
secondary  fistula  may  result  even  after  months.  Filling 
the  cavity  with  clotted  blood  and  closing  the  skin  over  it 
is  a  procedure  which  has  been  followed  by  a  high  per¬ 
centage  of  failures.  The  presence  of  a  latent  infection  in 
these  wounds  endangers  the  success  of  any  kind  of  plas¬ 
tic  operation.  Other  difficult  conditions  which  every 
physician  meets  are  the  chronic  ulcer  of  trophic  origin,  or 
the  X-ray  burn.  A  study  of  the  records  of  such  cases 
brings  out  the  fact  that  for  them  the  usual  procedures 
have  not  proven  efficacious. 

When  confronted  by  a  wound  in  the  granulating  stage, 
a  smear  must  be  made  in  order  to  demonstrate  the  bac¬ 
teriological  condition.  If  numerous  micro-organisms  are 
found,  the  Carrel-Dakin  treatment  must  be  started  in 
order  to  prepare  the  wound  for  a  method  introduced  in 
1869  by  the  Swiss  surgeon  Reverdin.  His  first  experi¬ 
ences  were  obtained  by  implanting  on  leg  ulcers  small 
skin  grafts  composed  of  all  the  layers  of  the  epidermis 
and  a  small  portion  of  the  derma.  The  skin  over  the 
anterior  tibial  spine  having  been  put  on  the  stretch,  a 


small  double  edged  knife  with  a  sharp  point  was  intro¬ 
duced  into  it  and  after  cutting  for  three  millimetres  was 
brought  out  again.  A  number  of  small  grafts  (measur¬ 
ing  3  mm.  in  diameter)  obtained  in  this  way  were  distrib 
uted  all  over  the  defect,  0.5  cm.  apart,  and  the  wound  was 
covered  with  diachylon  ointment  on  linen.  The  changes 
in  the  transplanted  grafts  noted  by  Reverdin  are  very 
interesting,  and  have  been  confirmed  by  analogous  clin¬ 
ical  observations  in  this  service.  In  twenty-four  hours 
after  operation  the  grafts  are  adherent  to  me  surface  of 
the  wound.  The  individual  graft  is  pale,  thickened,  and 
slightly  wrinkled.  After  48  hours  there  appears  around 
the  graft  a  grayish  area  which  turns  dark  red  on  the  third 
or  fourth  day.  When  exposed  to  the  air  this  zone  takes  on 
a  dull  appearance,  like  that  of  cuticle,  the  surrounding 
granulation-tissue  retaining  its  glistening  appearance  be¬ 
cause  of  its  moisture.  This  dry  area  represents  the  new 
epithelium.  At  this  stage  the  graft  is  depressed  below 
the  level  of  the  neighboring  tissue.  The  new  epithelium 
becomes  gray;  a  new  red  zone  arises  outside  of  this  area, 
and  the  covering  of  the  defect  advances  gradually  in 
every  direction  from  the  graft. 

Reverdin  found  that  each  graft  possesses  a  certain 
chemotactic  influence  which  is  active  within  a  certain 
zone.  This  zone  is  the  space  within  which  the  new 
epithelium  is  found  to  be  much  more  resistant  to  any 
mechanical  trauma  than  skin  that  has  grown  over  from 
the  borders  of  the  defect.  Reverdin  tested  this  point  in 
chronic  ulcers  covered  with  epithelium  in  these  two  dif¬ 
ferent  ways.  The  ultimate  fate  of  the  grafts  differed; 
either  they  remained  about  the  same,  being  like  white 
islands,  depressed  or  prominent,  or  they  were  reduced  in 
size  by  an  exquisite  process  of  desquamation.  Sometimes 
the  grafts  were  lifted  up  by  a  profuse  secretion,  and 
necrosis  resulted.  But  even  in  these  cases  it  was  noted 
that  a  grayish-white  island  of  epithelium  appeared  after 
a  certain  time  at  some  of  the  places  at  which  the  grafts 
were  applied.  Certain  cell  groups  of  the  stratum  mal- 
pighii  remained  alive,  and  grew  in  their  new  place.  On 
these  experiences  is  based  the  principle  of  the  epithelial 
seed  of  von  Mangoldt,  which  was  rendered  practical  later 
by  Braun  and  Pels-Leusden  (Reschke)  in  the  form  of 
injections  of  epithelial  suspensions  into  the  granulating 
area. 

It  may  be  of  interest  to  give  here  a  short  account  of  the 
routine  sterilization  employed  in  this  clinic  for  cases  in 
which  this  method  of  grafting  is  decided  upon.  Two  sorts 
of  wounds  must  be  differentiated ;  deep  wounds  with  sev¬ 
eral  pockets,  and  shallow  or  surface  wounds,  showing 
only  a  slight  depression  compared  with  the  level  of  the 
neighboring  skin. 

The  preliminary  Carrel-Dakin  treatment  used  in  the 
ulcerated  areas  to  be  covered  by  the  modified  Reverdin 
technic  is  different  from  the  one  originally  described  by 
Carrel  and  Dehelly  in  their  paper  entitled  “Treatment  of 
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infected  wounds.”  In  their  article  will  be  found  the 
method  of  preparation  of  the  solution,  together  with  an 
accurate  description  of  the  way  in  which  it  is  titrated 
for  its  sodium  hypochlorite  content  (0.45  per  cent) — an 
important  test,  to  be  repeated  periodically  to  insure  the 
efficiency  of  the  method.  Its  alkalinity  (which  is  essen¬ 
tial)  is  endangered  if  the  solution  is  not  kept  in  the  dark 
and  in  a  cool  place.  Neglect  of  these  precautions,  which 
occurs  too  often,  must  be  held  responsible  in  many  in¬ 
stances  for  the  failure  of  the  treatment.  The  strength  of 
the  solution  diminishes  very  rapidly  with  exposure  to 
light  and  heat. 

In  every  case  a  smear  must  be  made  from  the  wound 
in  order  to  determine  its  bacteriological  condition.  The 
aim  of  sterilization  in  deep  wounds  is  to  transform  the 
multilocular  into  a  unilocular  cavity  lined  with  healthy 
granulations.  The  skin  around  the  defect  is  disinfected 
with  benzine,  ether,  and  alcohol.  Gauze  sponges  are  used 
to  swab  the  wound  clean  of  secretion  lying  in  the  depths 
or  in  pockets.  Irrigation  of  the  wound  with  Dakin’s 
solution  is  very  helpful.  The  skin  around  the  defect  is 
covered  with  vaselinized  gauze  (squares  3  to  6  inches  in 
size,  sterilized  in  vaseline),  great  care  being  taken  to 
bring  the  squares  of  gauze  into  snug  contact  all  along  the 
borders  of  the  defect.  A  sufficient  number  of  rubber 
tubes  with  an  opening  in  the  end,  combined  with  others 
having  the  openings  on  the  side  and  the  end  closed  with 
a  silk  ligature  (see  Carrel-Dehelly) ,  are  introduced  into 
the  wound,  to  fill  all  the  pockets  of  the  cavity  (Fig.  1). 
They  are  made  to  project  in  groups  out  of  the  dressing  at 
different  angles,  varying  with  the  shape  of  the  wound. 
The  perforated  part  of  each  tube  must  be  well  inside  the 
wound;  the  non-perforated,  or,  as  Carrel  calls  it,  the  con¬ 
ductive  part,  comes  well  outside  the  dressing  (Fig.  2). 
Loose  absorbent  gauze  fills  the  space  in  the  opening  of 
the  wound  and  forms  the  first  layer  of  the  dressing.  Cot¬ 
ton  pads  containing  on  the  side  toward  the  wound  a 
thicker  layer  of  absorbent  cotton  wool,  and  on  the  outer 
side  a  layer  of  non-absorbent  cotton,  both  wrapped  in  a 
covering  of  gauze,  complete  the  bandage.  Openings  are 
often  cut  in  the  pads  for  the  egress  of  the  rubber  tubes. 
Adhesive  linen  tapes  hold  the  pads  in  position.  The  non¬ 
absorbent  outer  layer  in  the  pads,  which  are  kept  in  stock 
in  one  or  two  sizes,  serves  to  regulate  the  evaporation  of 
the  Dakin’s  solution  from  the  dressing,  and  at  the  same 
time  prevents  soiling  of  the  bedclothes. 

Irrigation  of  the  wound  through  these  tubes  is  carried 
out  every  two  hours  during  the  day  and  every  four  hours 
during  the  night  with  a  Chetwood  syringe  (Fig.  1).  To 
each  patient  is  assigned  his  own  bottle  of  solution  and  his 
own  syringe.  The  amount  of  solution  used  depends  on  the 
number  of  tubes  introduced  (one  quarter,  one  half,  or  a 
whole  syringeful  for  each  tube).  After  the  irrigation  is 
finished  the  tubes  are  closed  with  automatic  clips,  which 
prevent  any  backflow  of  the  liquid.  These  are  tempor¬ 


arily  relaxed  at  each  new  instillation.  With  this  arrange¬ 
ment  the  amount  of  solution  carried  in  through  each  tube 
is  constant,  so  that  the  irrigation  of  the  wound  is  uni¬ 
form.  In  the  interval  between  the  irrigations  the  fluid 
diffuses  somewhat  into  the  dressings  and  evaporates. 
After  two  hours  fresh  active  solution  is  carried  to  the 
surface  of  the  wound.  The  whole  dressing  must  be 
changed  once  a  day.  After  thorough  cleansing  of  the 
wound  and  the  neighboring  skin,  the  tubes  are  replaced 
by  other  sterile  ones.  Vaselinized  gauze  applied  snugly 
to  the  'borders  of  the  defect  protects  the  skin  from  the 
macerating  effect  of  constant  wetting  with  the  Dakin’s 
solution.  In  exceptional  cases,  when  the  tubes  go  down 
into  very  deep  pockets,  so  that  their  replacement  by  new 
ones  would  be  practically  impossible  without  great  trau¬ 
matism  to  the  tissue  and  distress  for  the  patient,  the 
tubes  are  left  in,  and  not  until  the  degree  of  sterilization 
of  the  wound  renders  it  permissible  are  they  replaced  by 
shorter  ones,  which  are  changed  daily. 

Bacterial  counts  from  smears  taken  from  the  wound 
every  second  day  and  mapped  on  a  chart  supply  an  ac¬ 
curate  record  of  the  degree  of  sterility  obtained.  Usually 
the  chart  sIioavs  a  rapidly  diminishing  number  of  micro¬ 
organisms.  As  soon  as  several  counts  show  only  a  few 
bacteria  distributed  in  numerous  visual  fields,  the  ster¬ 
ility  is  considered  sufficient  to  allow  the  starting  of  the 
transplantation. 

In  superficial  wounds  gauze  compresses  soaked  in  Da¬ 
kin’s  solution  are  substituted  for  the  Dakin  tubes.  The 
preparation  of  the  wound  and  the  neighboring  skin  is  the 
same  as  described  above.  Here  also  vaselinized  gauze 
must  be  applied  to  protect  the  skin.  Cotton  pads  prevent 
too  rapid  evaporation  of  the  fluid.  The  compresses  are 
changed  every  two  hours  during  the  day  and  every  four 
hours  during  the  night.  A  bacterial  chart,  based  on 
smear  counts  every  second  day,  gives  accurate  informa¬ 
tion  of  the  degree  of  sterility.  In  these  surface  wounds 
a  change  of  the  whole  dressing  must  be  made  every  day. 

By  using  the  method  of  sterilization  suited  to  the  con¬ 
figuration  of  the  wound  a  proper  degree  of  sterility  is 
obtained  within  a  short  time.  It  is  then  possible  to 
proceed  with  the  transplantation  of  small  grafts,  with 
the  technic  elaborated  in  this  clinic  especially  by  J. 
Staige  Davis  and  Mont  R.  Reid  under  the  guidance  and 
the  constant  stimulation  of  Professor  Halsted.  The 
grafts  are  usually  taken  from  the  thigh.  The  patient  is 
given  morphine  one  hour  before  the  operation.  The  skin 
area  is  cleansed  thoroughly  with  green  soap  and  water, 
followed  by  benzine,  ether,  and  alcohol,  and  then  painted 
with  tincture  of  iodine  (3.5%).  Similarly,  but  with  the 
omission  of  the  iodine,  the  neighborhood  of  the  defect 
may  be  disinfected.  Figure  3  shows  the  manner  of  drap¬ 
ing  the  field.  The  skin  from  which  the  grafts  are  to  be 
taken  is  anesthetized  with  procain  (0.5  per  cent).  For 
nervous  adults  and  for  children  the  administration  of  £ras 
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during  the  injection  is  found  to  be  very  helpful  (anoci- 
association) .  By  adding  5  to  G  drops  of  epinephrin 
(1:1000)  to  3  ounces  of  the  solution  the  etfect  of  the 
anesthesia  is  prolonged  without  interfering  with  the 
taking  of  the  grafts.  The  injections  are  made  in  such  a 
way  that  depots  of  the  anesthetic  are  established  outside 
the  zone  used  for  the  grafts  (blocking  anesthesia).  In 
addition,  some  of  the  solution  is  put  underneath  the  graft- 
area  over  the  fascia  in  order  to  block  the  sensory 
branches  passing  through  the  muscle. 

Straight,  pointed  needles  are  seized  in  Halsted  clamps 
(Fig.  3).  The  iodine  over  the  graft-area  is  swabbed  off 
with  alcohol.  The  needle  is  inserted  obliquely  into  the 
skin,  and  the  latter  is  lifted  up  to  form  a  cone,  which  is 
then  cut  with  a  knife  held  parallel  to  the  surrounding 
skin  surface  (Fig.  3).  The  graft  contains  in  the  center 
the  superficial  layer  of  the  corium.  It  is  thicker  than  the 
original  Reverdin  graft,  but  this  additional  thickness  has 
been  found  not  to  interfere  with  its  growth  in  the  wound. 
Moreover,  it  makes  the  new  scar  more  elastic  and  more 
freely  movable  over  the  underlying  tissue,  and  thus  di¬ 
minishes  its  liability  to  injury.  If  there  is  any  blood  on 
its  inner  surface,  the  graft  is  dried  on  a  sponge  before 
it  is  placed  in  the  wound.  Still  fixed  on  the  tip  of  the 
needle,  the  graft  is  put  into  the  wound  and  the  curled 
edges  are  straightened  out  very  carefully  (Fig.  4).  A 
second  needle  is  found  of  great  help  in  performing  this 
manoeuvre.  In  order  to  secure  a  good  result,  it  is  import¬ 
ant  to  have  the  inner  surface  of  the  graft  brought  into 
perfect  contact  with  the  wound.  The  grafts  have  also  to 
be  cut  evenly  all  through,  to  avoid  the  formation  of  too 
thick  a  center.  Before  the  needle  is  used  for  cutting  a 
new  graft  it  is  passed  through  the  flame  of  a  spirit  lamp, 
to  insure  absolute  sterility.  In  cutting  the  grafts  one 
should  leave  a  small  area  of  intact  skin  (Fig.  3)  between 
each  resulting  wound.  This  guarantees  epithelization 
of  the  defect  under  the  first  vaselinized  gauze  bandage 
within  from  8  to  10  days.  The  grafts  are  usually  placed 
0.5  cm.  from  each  other  (Fig.  4),  but  where  sterilization 
has  not  progressed  uniformly,  even  a  greater  distance 
might  be  found  advantageous.  When  two  men  are  doing 
the  grafting,  the  rack  devised  by  Staige  Davis  is  very 
useful  to  hold  the  grafts  put  on  it  by  one  man,  ready  to  be 
taken  up  and  placed  in  position  by  his  colleague. 

When  the  whole  area  has  been  grafted  as  outlined 
above,  the  wound  is  exposed  to  the  air  for  eight  hours.  A 
pasteboard  box  with  holes  in  the  sides,  or  a  flexible  wire 
splint  (Siny the)  cut  to  the  size  needed  and  bent  so  that  it 
can  be  held  firmly  to  the  skin,  forms  a  good  protective 
apparatus.  After  eight  hours  zinc  oxide  ointment  is 
applied  to  the  skin  around  the  grafted  area.  One  layer 
of  gauze  is  put  over  the  wound  and  over  the  zinc  oxide; 
the  ointment  keeps  the  gauze  in  position,  and  the  gauze 
fixes  the  grafts  to  their  base.  Salt  compresses  are  now 
applied  over  the  grafted  area,  to  be  changed  every  two 


hours  during  the  day  and  every  four  hours  during  the 
night.  After  from  12  to  24  hours  these  compresses  are 
used  alternately  with  Dakin  sponges;  on  the  second  day 
the  Dakin  compresses  are  used  constantly  at  regular  in¬ 
tervals.  The  less  sterile  the  wound,  the  earlier  the  Dakin 
treatment  is  started.  If  after  the  first  24  hours  there  is  a 
considerable  accumulation  of  secretion  between  the 
threads  of  the  gauze,  it  is  changed ;  otherwise  it  is  al¬ 
lowed  to  remain  for  48  hours.  Later  on  the  whole  dress¬ 
ing  is  changed  every  day,  the  zinc  oxide  also  being 
renewed.  On  the  third  day  the  gauze  covering  can  be  left 
off  without  danger  of  displacement  of  the  grafts  when 
the  compresses  are  changed.  Instead  of  zinc  oxide  for 
the  protection  of  the  neighboring  skin,  vaselinized  gauze 
may  be  used  in  the  same  way  as  before  the  transplanta¬ 
tion. 

The  Dakin  compresses  can  be  kept  up  all  the  time,  the 
solution  serving  also  to  prevent  exuberant  granulations. 
If  after  10  days  to  2  weeks  the  secretion  in  the  wound  is 
minimal,  the  Dakin  compresses  may  be  replaced  by  vase¬ 
line,  applied  in  a  thin  layer  on  sterile  linen,  or  by  diachy¬ 
lon  ointment.  Reid  used  rubber  “protective.”  Davis 
shortened  the  time  of  healing  by  using  at  this  stage  scar¬ 
let  red  ointment  (8  per  cent).  It  is  dangerous  to  stop 
the  use  of  the  Dakin  solution  too  soon;  only  by  its  anti¬ 
septic  power  is  the  infection  in  the  wound  kept  under 
control.  If  replaced  too  early  by  the  ointments,  a  flareup 
of  a  latent  infection  may  complicate  the  closure  of  the 
defects  between  the  grafts.  Exuberant  granulations  may 
necessitate  a  repetition  of  the  Dakin’s  solution.  Only  in 
neglected  cases  will  it  become  necessary  to  cut  off  these 
granulations  and  treat  them  with  the  silver  nitrate  stick. 
Vaselinized  gauze  dressing  for  one  day,  followed  by  con¬ 
tinuous  Dakin’s  compresses,  will  finally  bring  about  a 
good  result. 

The  changes  observed  in  the  transplants  in  this  clinic 
are  as  follows :  After  24  hours  the  grafts,  which  in  the 
beginning  are  pale,  take  on  a  bluish  tinge,  or  they  may 
remain  whitish.  This  cyanosis  increases  for  48  hours, 
after  which  a  reddish  point  appears  in  the  center  of  the 
graft,  becoming  larger  and  larger  centrifugally  and  form¬ 
ing  an  area  of  new  vascularization  from  vessels  growing 
in  from  the  base.  About  the  third  day  there  appears 
around  the  graft  a  red  area,  which  is  somewhat  trans¬ 
lucent,  and  takes  on  a  dull  appearance  when  exposed  to 
the  air,  in  contrast  with  the  neighboring  glossy  granula¬ 
tion  tissue.  This  area,  which  is  new  epithelium,  increases 
gradually  in  size.  The  graft  itself  does  not  change  very 
much  in  size  or  appearance,  except  that  it  becomes  flatter. 
The  new  epithelium  grows  rather  fast,  suggesting  that 
the  different  grafts  exert  a  chemotaxis  on  each  other. 
The  granulating  area  between  these  islands  of  epithelium 
becomes  smaller  and  smaller,  so  that  after  2  or  3  weeks 
the  defect  is  covered  with  epithelium. 
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The  epithelium  obtained  from  these  grafts  and  from  the 
outgrowth  from  them  is  characterized  by  its  resistance 
to  mechanical  injuries,  by  its  particularly  rich  vascular¬ 
ization,  and  by  its  relative  elasticity,  which  is  more 
marked  when  the  thicker  Reverdin-Halsted  grafts  are 
employed.  The  elasticity  is  demonstrated  also  by  the  fact 
that  the  grooves  following  sequestrotomy  in  chronic  osteo- 
myelitis  become  smaller  within  a  few  months  when 
grafted  in  this  way.  Mont  R.  Reid  and  W.  F.  Rienhoff 
followed  up  these  cases.  By  casts  taken  at  intervals  they 
proved  that  the  defect  was  tilling  in  under  the  new  skin. 
Although  this  filling  in  is  partly  due  to  new  bone  forma¬ 
tion  as  a  result  of  a  chronic  periostitis,  it  is  also  caused 
by  the  interposition  of  new  fibrous  tissue  beneath  the  new 
epithelium.  In  scars  obtained  by  this  method  of  grafting 
it  is  interesting  to  note  the  way  in  which  the  defect  is 
gradually  raised  to  the  level  of  the  surrounding  sound 
tissue.  The  excellent  vascular  supply  of  these  new  skin 
areas  accounts  for  the  fact,  observed  early  by  Reverdin, 
that  trophic  ulcers  are  more  likely  to  occur  in  the  skin 
which  has  grown  in  from  the  borders  of  the  defect  than 
in  that  which  has  grown  in  the  grafted  zone.  As  a  con¬ 
sequence  of  the  relatively  greater  elasticity,  the  secondary 
retraction  of  such  a  scar  is  also  much  less. 

For  this  grafting,  skin  is  taken  from  the  patient  (auto¬ 
plasty).  Attempts  were  made  to  use  skin  taken  from  a 
relative,  such  as  the  mother,  but  they  were  futile.  Even 
after  months,  when  all  the  clinical  signs  pointed  to  suc¬ 
cess,  the  grafts  became  suddenly  necrotic,  the  condition 
being  associated  with  signs  of  a  general  toxemia.  It  is 
possible  that  biochemistry  may  demonstrate  the  exis¬ 
tence  of  skin  groups,  as  well  as  blood  groups,  and  thus 
enable  us  to  employ  heteroplasty  with  success  (Davis). 

Summary. 

Every  infected  wound  not  suitable  for  secondary  clo¬ 
sure  can  be  successfully  covered  with  a  very  resistant, 
elastic  skin  by  means  of  the  Reverdin-Halsted  transplan¬ 
tation.  A  thorough  preliminary  treatment  with  Dakin’s 
solution,  persisted  in  until  relative  sterility  is  obtained, 
is  followed  by  grafting  with  small,  deep  grafts.  This 
method  is  the  technic  of  choice  in  treating  defects  follow¬ 
ing  extensive  laceration  of  the  soft  parts  with  secondary 
necrosis  and  suppuration,  the  grooves  resulting  from 
sequestrotomy  for  chronic  osteomyelitis,  and  some  cases 
with  granulating  areas  following  unsuccessful  plastic 
operation  for  empyema.  This  method  has  also  proved 
efficacious  in  the  treatment  of  X-ray  burns  and  of  trophic 
non-specific  ulcers  of  long  standing  which  have  proven 
refractory  to  all  other  measures. 
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OBSERVATIONS  ON  THE  TOTAL  LUNG  VOLUME  AND  BLOOD  LLOW 

LOLLOWING  PNEUMECTOMY 

By  W.  I).  W.  Andrus,  Cincinnati,  Ohio 


In  some  previous  work  upon  respiratory  physiology  in 
dogs  following  the  removal  of  one  lung,1  it  was  found 
that  very  definite  changes  take  place  in  the  alveolar  air 
and  blood  gases.  For  about  thirty  days  after  operation 
there  is  a  temporary  increase  in  the  alveolar  carbon  di¬ 
oxide,  a  fall  in  the  alveolar  oxygen,  a  slight  increase  in 
the  carbon  dioxide  of  the  blood,  and  a  marked  decrease 
in  the  blood  oxygen.  By  way  of  compensating  for  these 
changes  until  the  enlargement  of  the  remaining  lung 2 
shall  have  taken  place  the  number  of  red  blood  cells,  the 
hemoglobin  and,  consequently,  the  oxygen-carrying  capa¬ 
city  of  the  blood  are  increased.  It  seemed  probable  that 
in  association  with  these  compensatory  changes  of  a 
respiratory  nature  there  might  be  other  analogous 
changes  of  a  circulatory  nature;  and  it  is  with  these 
changes  in  the  circulation  in  the  remaining  lung  and  with 
the  functional  enlargement  of  this  lung  that  this  paper 
deals. 

In  six  dogs  (a)  the  total  volume  of  air  in  the  lungs  at 
the  height  of  inspiration,  (b)  the  amount  of  blood  flowing 
through  the  lungs  per  minute  and  (c)  the  pulse  rate  were 
determined  immediately  before  operation  and  immedi¬ 
ately  after  operation,  on  the  first,  third  and  fifth  days 
thereafter  and  then  at  intervals  of  a  few  days  to  a  week 
for  varying  periods  up  to  fifty-seven  days. 

The  total  volume  of  air  in  the  lungs  was  determined 
after  the  method  of  Van  Slyke  and  Binger,3  the  animal 
rebreatliing  from  a  bag  containing  1000  c.c.  of  hydrogen 
plus  an  adequate  supply  of  oxygen  until  an  equilibrium 
was  established  between  the  gases  in  the  bag  and  the 
alveolar  air.  Samples  from  the  bag  were  then  analyzed 
for  nitrogen  and  hydrogen  in  a  Haldane  apparatus  to 
which  was  attached  a  colloidal  palladium  burette  for  the 
absorption  of  hydrogen.  The  total  volume  of  air  in  the 
lungs  X  was  then  calculated  from  the  equation : 


X=1000 


%Nitrogen  1 

- x - 

%  Hydrogen  79.2 


in  which  %Nitrogen  and  %Hydrogen  are  the  percentages 
of  these  two  gases  in  the  bag  at  the  end  of  the  experi¬ 
ment.  The  rebreathing  was  started  at  the  end  of  quiet 
inspiration  and  thus  this  method  gives  the  sum  of  the 
tidal,  supplemental  and  residual  air. 

For  the  determination  of  the  amount  of  blood  flowing 
through  the  lungs  per  minute  some  modification  of  the 
oxygen  absorption  method  as  used  by  Plescli,4  Zuntz 5 
Loewy  and  von  Schrotter,6  and  others  was  considered. 
However,  the  oxygen  absorption  method  was  discarded 
because  previous  work 1  had  shown  that  the  oxygen 


carrying  capacity  per  unit  volume  of  blood  is  marked¬ 
ly  affected  by  pneumectomy  and  would  obviously  im¬ 
pair  its  accuracy.  We  have,  therefore,  used  a  method 
by  which  this  value  can  be  calculated  from  the  total 
minute  output  of  carbon  dioxide  and  the  difference  in  the 
carbon  dioxide  content  of  the  arterial  and  venous  blood. 
To  determine  the  carbon  dioxide  output  per  minute  the 
animal  was  allowed  to  breathe  through  an  air-tight  mask 
attached  to  a  three-way  valve  by  which  the  air  expired 
could  be  collected  in  a  spirometer  over  water  covered  with 
a  layer  of  oil,  to  prevent  absorption  of  the  carbon  dioxide. 
A  sample  from  the  spirometer  was  then  analyzed  in  a 
Haldane  apparatus  for  carbon  dioxide  and  the  total  car¬ 
bon  dioxide  in  the  spirometer  calculated.  Blood  samples 
were  then  taken,  with  the  usual  precautions  to  prevent 
contact  with  air,  from  the  right  femoral  artery  and  from, 
the  right  heart.  The  blood  from  the  right  heart  was 
obtained  by  inserting  a  long  needle  in  the  fourth  right 
interspace  close  to  the  sternum  and  directing  it  slightly 
upward  and  inward.  Determinations  of  the  carbon  di¬ 
oxide  content  were  then  made  on  the  whole  blood,  the  ap¬ 
paratus  and  technic  of  Van  Slyke  7  being  employed,  and 
the  minute  blood  flow  through  the  lungs  in  hundred  c.c. 
“Y”  calculated  from  the  equation : 


V-A 

in  which  M  is  the  minute  carbon  dioxide  output  and  V 
and  A  the  carbon  dioxide  content  in  volumes  per  cent 
of  the  venous  and  arterial  blood,  respectively. 

Care  was  taken  to  have  the  animals  absolutely  quiet 
for  some  minutes  before  samples  were  taken  and  through¬ 
out  the  experiment.  The  pulse  rate  represented  the  aver¬ 
age  of  several  counts  with  the  dog  at  rest. 

Effect  on  the  Total  Lung  Volume 

Measurements  of  the  total  lung  volume  made  within  a 
few  hours  after  operation  show  an  average  decrease  of 
about  forty-two  per  cent  of  the  volume  before  operation. 
The  volume  begins  to  increase  at  once,  however,  and  in 
twenty-four  hours  has  risen,  on  the  average,  about  eight 
per  cent.  This  rise  continues,  varying  somewhat  in  amount 
in  the  different  animals,  but  showing  the  same  general  up¬ 
ward  trend  in  all  and  reaches  about  the  pre-operative 
level  by  from  twenty  to  twenty-six  days  after  operation. 
It  was  interesting  to  note  that  in  one  dog  that  developed 
distemper  seven  days  after  operation  the  lung  volume 
dropped  about  forty  per  cent  of  its  value  at  that  time, 
owing,  we  think,  to  consolidation  and  therefore  “func- 
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tional  removal”  of  areas  in  the  remaining  lung.  As  the 
dog  recovered,  however,  the  total  lung  volume  increased 
and  reached  the  pre-operative  value  by  twenty  days  after 
operation  (Curve  1). 


CURVE  I. 

Lung  Volume — Composite,  Curve 
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Effect  on  Minute  Blood  Floio  Through  the  Lungs 

Within  a  few  hours  after  operation  observations  show 
that  the  amount  of  blood  flowing  through  the  remaining 
lung  per  minute  is  greater  than  the  total  amount  which 
flowed  through  both  lungs  before  operation.  The  increase 
varies  in  the  different  dogs  from  17.2  to  59.1  per  cent, 
the  average  being  40  per  cent.  This  increase  is  only  tem- 


CURVE  II. 


Minute  Blood  Flow — Composite  Curve 
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porary,  however,  the  minute  flow  beginning  to  decrease  in 
from  one  to  three  days  after  operation,  until  by  about 
the  tenth  day  it  is  at  about  the  preoperative  level,  i.e., 
the  amount  which  flowed  through  both  lungs  before  oper¬ 
ation.  From  the  twentieth  to  the  fortieth  days,  in  two 
animals,  there  was  a  fall  in  the  minute  flow  below  the 
preoperative  value,  but  by  the  fifty-seventh  day  it  had 
returned  to  that  value  (Curve  2).  In  the  dog  mentioned 
above  which  had  distemper  there  was  a  secondary  rise 
in  the  minute  blood  flow  corresponding  to  the  fall  in 
lung  volume.  The  control  animals,  when  subjected  to 
operations  other  than  pnenmectomy,  showed  no  such  rise 
in  the  flow. 

Effect  on  the  Pulse  Rate  and  Pulse  Volume 

The  removal  of  one  lung  causes  an  increase  in  the  pulse 
rate  as  observed  within  six  hours  after  operation  which 
averaged  26  per  cent  in  the  six  animals,  while  the  controls 
failed  to  show  any  such  increase.  This  increased  rate  is 
not  maintained,  however,  for  the  pulse  rate  begins  to  fall 
within  twenty -four  hours  and  reaches  the  preoperative 
rate  by  about  the  tenth  day.  The  fall  continues  even  be¬ 
yond  this,  the  pulse  rate  averaging  on  the  thirtieth  day 
about  fifteen  beats  below  the  preoperative  rate  (Curve 
3).  The  increased  blood  flow  runs  about  parallel  with  the 


CURVE  III. 

Pulse  Rate — Composite.  (5  Dogs) 
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increased  pulse  rate,  but  the  secondary  fall  in  the  pulse 
rate  is  somewhat  greater  than  the  decreased  flow  would 
indicate  and  observations  on  the  pulse  volume — obtained 
by  dividing  the  minute  flow  by  the  pulse  rate — show  that 
about  five  weeks  after  operation  there  is  an  increase  in 
the  output  per  beat  averaging  11  per  cent. 
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In  some  unpublished  work  Heuer  has  in  several  in¬ 
stances  found  a  hypertrophy  of  the  right  ventricle  follow¬ 
ing  pneumectomy  and  this  seems  the  more  interesting 
in  view  of  the  increased  pulse  volume  observed  in  the  ani¬ 
mals  of  this  series. 
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Summary 

In  addition  to  the  previously  observed  effects  of 
pneumectomy  in  dogs  the  following  changes  of  a  respira¬ 
tory  and  circulatory  nature  have  been  observed : 

(a)  A  marked  decrease  in  the  total  lung  volume  which 
persists  for  about  thirty  days,  then  returns  to  normal. 

(b)  A  transient  increase  in  the  pulse  rate  and  the  blood 
flow  through  the  remaining  lung  persisting  for  about  ten 
days,  followed  in  both  by  a  fall  slightly  below  the  pre 
operative  value.  The  pulse  rate  falls  by  a  greater  amount 
than  does  the  blood  flow  through  the  lung,  indicating  an 
increase  in  output  per  beat  of  the  right  ventricle. 

The  decrease  in  lung  volume  is  to  be  considered  a  detri¬ 
mental  effect  of  pneumectomy ;  while  the  increase  in  blood 
flow  and  pulse  volume  may  be  taken  as  compensatory 
mechanisms. 
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CHANGES  IN  THE  FALLOPIAN  TUBE  DURING  THE  OVULATION 

CYCLE  AND  EARLY  PREGNANCY  . 


By  Franklin  F.  Snyder 

(From  the  Anatomical  Laboratory,  The  Johns  Hopkins  University ) 

Introduction 


In  view  of  the  extensive  cyclic  changes  of  the  internal 
genitalia  which  have  been  observed  in  the  human  and 
practically  all  of  the  laboratory  animals — and  which  in¬ 
volve  even  the  vaginal  mucosa  in  some  species  at  least, 
e.g.  guinea-pig,  rat,  mouse — the  observation  of  any  part  of 
the  reproductive  tract,  such  as  the  Fallopian  tubes,  prom¬ 
ises  results  of  definite  interest.  The  Fallopian  tubes  of  the 
pig  afford  special  opportunity  for  observations  that  are 
complete  for  all  stages  of  the  reproductive  cycle,  espec¬ 
ially  with  regard  to  the  changes  related  to  the  passage  of 
the  ova. 

Previous  observations  on  the  structure  and  function  of 
the  tubes  are  of  more  than  historical  interest  inasmuch  as 


numerous  clinical  hypotheses  relating  to  tubal  pregnancy, 
placenta  praevia,  sterility,  etc.,  have  been  based  upon 
them.  The  epithelial  lining  of  the  tubes  has  been  the  cen¬ 
ter  of  interest.  In  1886,  Fronnnel 5  distinguished  in  man 
and  some  of  the  lower  animals  the  non-ciliated  cells  and 
described  their  resemblance  to  secretory  epithelium,  in 
contrast  to  the  adjacent  ciliated  cells.  Since  then,  per¬ 
iodic  changes  in  the  structure  and  function  of  these  ele¬ 
ments,  chiefly  with  regard  to  ciliation,  have  been  de¬ 
scribed  in  man,  the  rabbit,  pig,  mouse,  etc. 

Cyclic  changes  in  the  distribution  of  the  cilia,  with  the 
alternation  of  a  ciliated  and  non-ciliated  (secretory ) 
phase  have  been  described  in  the  human  (TrOscher,13 
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Schaffer 12)  and  most  of  the  laboratory  animals  (More- 
aux,10  Katz,9  Schaffer,12  Gianelli6).  These  authors  hold, 
in  general,  that  during  oestrus  and  pregnancy,  as  well  as 
menstruation  in  the  human,  the  ciliated  cells  are  dimin¬ 
ished  in  number  and  the  noil-ciliated  cells  which  appear 
to  be  secretory  are  increased.  In  the  tubes  of  the  mouse, 
Allen  1  (p.  335)  has  described  cyclic  changes  in  which  a 
loss  of  cilia  from  some  of  the  ciliated  cells  is  followed  by 
extrusion  of  their  nuclei  into  the  lumen  of  the  tube,  the 
extrusion  of  nuclei  in  the  ciliated  portion  beginning  in 
the  early  metoestrum  and  continuing  in  a  marked  degree 
sometimes  to  the  middle  of  the  following  pro  oestrum. 

Such  changes  have  been  held  to  influence  the  transport 
of  the  ova  in  many  animals,  as  for  instance  in  man,  where 
(as  expressed  by  Grosser,7)  “the  chief  driving  power  in 
the  wandering  of  the  ovum  in  the  uterus  as  well  as  in  the 
tube  is  the  ciliary  current.”  For  further  discussion  of 
the  role  of  the  cilia  and  the  clinical  hypotheses  which 
have  followed,  reference  is  given  to  a  previous  paper 
(Corner  and  Snyder4). 

In  evaluating  the  preceding  observations  it  is  to  be 
borne  in  mind  that,  in  most  species  which  have  been  inves¬ 
tigated,  knowledge  of  the  uterine  and  ovarian  cycles  is 
scarcely  adequate  for  a  complete  study  based  on  the 
selection  of  all  stages  of  the  cycle.  What  is  needed  is  a 
detailed  description  of  the  structure  of  the  Fallopian  tube 
at  all  stages  of  the  cycle,  and  the  correlation,  by  all 
available  technical  means,  of  these  changes  with  the 
known  state  of  the  uterus  and  ovary  at  parallel  stages, 
in  non-pregnant  animals  and  in  early  pregnancy,  to  the 
end  that  the  alterations  of  structure  in  the  tube  may  be 
studied  from  a  broad  functional  viewpoint;  only  in  this 
way  can  such  details  as  ciliary  activity,  etc.,  be  correctly 
appreciated. 

Method  and  Material 

The  present  observations  mark  such  an  attempt  to  view 
the  Fallopian  tubes  of  the  pig  throughout  all  stages  of  the 
reproductive  cycle  and  early  pregnancy,  and  to  correlate 
definitely  the  condition  of  the  epithelium  with  the  func¬ 
tional  state  of  the  ovary,  ova,  and  uterus.  The  selection 
of  material  has  been  carried  out  according  to  the  prin¬ 
ciples  followed  in  a  previous  study 4  (p.  300)  of  the 
uterine  filiation,  which  for  the  sake  of  convenience  may 
be  quoted  here. 

The  domestic  sow  was  chosen  on  account  of  the  abundance  of 
material  available,  and  also  because  of  the  fact  that  recent  work 
on  the  reproductive  cycle  of  this  species  makes  it  possible  to 
select  from  the  uteri  obtained  at  the  abattoir  a  series  which 
shall  be  representative  of  all  stages  of  this  cycle,  and  to  study 
these  in  the  light  of  the  ova  and  embryos  in  this  species. 

The  choice  of  material  representative  of  the  successive  stages 
in  the  21-day  cycle  of  the  sow  was  made,  upon  the  basis  of  pre¬ 
vious  acquaintance  with  the  events  of  the  cycle,  by  inspection  of 
the  ovaries  and  by  search  of  the  Fallopian  tubes  and  uteri  for 
ova,  and  was  confirmed  by  microscopic  study  of  sections  of  the 
corpora  lutea  and  the  uterine  mucosa.  The  necessary  data  have 


been  given  in  a  monograph  by  Corner  (1921)  and  need  only  brief 
mention  here. 

Thus,  during  the  three  days  following  ovulation  there  are 
freshly  ruptured  follicles  (i.  e.  early  corpora  lutea)  in  the  ovaries, 
and  the  ova  may  be  recovered  from  the  Fallopian  tubes.  About 
the  fourth  day  the  ova  pass  into  the  uterus,  whence  they  may  be 
recovered  by  washing  out  the  uterine  canal.  By  the  seventh 
day  the  corpora  lutea  are  solid,  and  have  reached  a  diameter  of 
9  mm.  The  microscopic  picture  is  now  that  of  full  maturity. 
About  the  seventh  or  eighth  day  the  ova  disappear  by  degener¬ 
ation  within  the  uterine  cavity,  and  thus  the  second  week  is 
characterized  by  the  presence  of  fully  matured  corpora  lutea  in 
conjunction  with  the  absence  of  ova  from  the  tube  and  uterus. 
About  the  end  of  the  second  week  the  corpora  lutea  suddenly 
degenerate,  as  indicated  by  a  beginning  diminution  in  their 
size,  by  an  increase  in  the  firmness  of  their  texture,  and  by  a 
change  of  color  from  the  fresh  color  of  maturity  to  a  yellowish 
tone.  The  microscope  reveals  degeneration  of  the  granulosa 
lutein  cells.  During  the  latter  part  of  the  third  week  the  new 
crop  of  Graafian  follicles  begin  to  exceed  the  resting  stage  of  4  to 
5  mm.  diameter,  until  finally  they  reach  the  mature  diameter, 
8  to  10  mm.  Their  rupture  at  the  end  of  the  third  week  marks 
the  beginning  of  a  new  cycle. 

By  the  aid  of  these  criteria,  and  by  comparison  with  the 
characteristic  cyclic  histologic  changes  of  the  uterine  mucosa,  as 
illustrated  in  the  above-mentioned  monograph,  it  is  possible  to 
assign  a  given  specimen  of  the  internal  genitalia  of  a  sow  to  its 
correct  place  in  the  cycle,  within  a  few  days,  and  thus  to  collect 
any  desired  series  of  stages  directly  from  abattoir  material. 

The  following  list  enumerates  the  specimens  upon 
which  the  present  observations  are  based,  the  non-preg- 
nant  specimens  having  been  dated  by  the  method  given  in 
the  quotation  above,  and  the  pregnant  specimens  having 
been  dated  by  comparison  of  the  contained  embryos  with 
the  Normentafeln  of  Keibel : 


NON-PREGNANT 

PREGNANT 

Day  of  cycle 

Number  of 
Specimens 

Day  of  cycle 

Number  of 
Specimens 

1st  -3rd 

6 

7-8-9-10th 

7 

4th-7th 

5 

14th 

1 

8th-10th 

3 

16th 

2 

1 0th-15th 

4 

17  th 

2 

15th-20th 

6 

18th 

1 

• 

21st 

1 

After  observation  of  the  specimen  in  vivo,  satisfactory 
fixation  of  the  epithelium  was  obtained  by  allowing  the 
fixing  fluid  to  flow  through  the  lumen  of  the  tube  from  a 
small  pipette  at  one  end.  Bonin’s  fluid  was  found  to  be  a 
satisfactory  fixative;  a  few  specimens  were  fixed  in  10 
per  cent  formol.  Sections  from  the  ampulla  of  the  tube 
were  stained  with  iron-hematoxylin,  and  hematoxylin  and 
eosin.  The  height  of  the  epithelium  was  measured  with  a 
Zeiss  micrometer  from  tracings  obtained  by  means  of  a 
camera  lucida  and  oil-immersion  lens. 

Observations 

A  good  introduction  to  our  observations  may  be  made 
by  considering  the  appearance  of  the  tubal  epithelium  in 
the  living  state,  as  seen  in  bits  of  tissue  taken  soon  after 
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arrival  of  the  fresh  specimens  at  the  laboratory,  and 
flattened  under  a  coverslip,  as  Nylander  did  in  Leydig’s  8 
laboratory  in  1852,  when  he  discovered  active  cilia  in  the 
uterus  of  the  sow.  In  such  preparations  taken  from  the 
isthmic,  ampullar,  and  fimbriated  portions  of  the  tube, 
active  cilia  may  always  be  seen  at  all  stages  of  the  cycle, 
without  apparent  alteration  in  distribution  or  activity. 
Even  under  the  low  powers  of  the  microscope  the  cilia 
can  be  seen  beating  for  several  hours  at  least,  without 
the  addition  of  a  nutrient  fluid  such  as  Locke’s  solution 
or  the  use  of  a  warm  chamber. 

Closer  study  of  the  epithelial  surface  of  the  tube  shows 
that  it  is  composed  of  ciliated  and  non-ciliated  cells  which 
are  about  equally  distributed.  A  few  small  rounded  cells 
are  seen  at  irregular  intervals  packed  in  between  the 
cylindrical  epithelium,  and  are  found  in  sections  to  have 
deeply  staining  nuclei.  While  observing  the  active  cilia 
at  all  stages  of  the  cycle,  marked  changes  in  the  non-cil¬ 
iated  cells  become  evident  even  in  vivo.  Thus  the  appear¬ 
ance  and  textural  conditions  of  the  epithelial  surface 
along  the  tubes  are  changed  strikingly  at  different  times 
during  the  three  weeks  of  the  cycle.  For  instance,  in  the 
tubes  in  which  ova  are  in  transit  and  are  recovered  in 
the  washings  (oestrus  or  1-3  days  after  ovulation,  Fig. 
1)  the  surface  appears  smooth,  and  the  distal  ends  of 
the  non-ciliated  cells  lie,  in  general,  at  about  the  level  of 
the  basal  granules  of  the  ciliated  epithelium.  On  the 
other  hand,  during  the  second  week  after  ovulation  (per¬ 
iod  of  implantation  and  mature  corpora  lutea,  Fig.  2)  the 
surface  becomes  studded  with  finger-like  cytoplasmic  pro¬ 
jections  from  the  non-ciliated  cells,  which  extend  toward 
the  lumen  of  the  tube  two  or  three  times  farther  than  the 
cilia.  These  pseudopod-like  processes  still  show  a  clear- 
cut  rounded  outline  like  a  cell  boundary,  and  within  them 
may  appear  globules  of  varying  refractility,  and  some¬ 
times  nuclei. 

In  the  fixed  preparations  the  changes  can  be  followed 
in  greater  detail.  The  height  of  the  epithelium  is  found 
to  vary  periodically.  It  is  more  than  twice  as  high  when 
the  ova  are  passing  through  the  tubes  (1-3  days  after 
ovulation,  Fig.  1)  than  during  the  second  week  after 
ovulation  (period  of  implantation,  Fig.  2).  The  maxi¬ 
mum  height,  averaging  25  micra  as  measured  from  the 
basement  membrane  to  the  level  of  the  basal  granules  of 
the  ciliated  cells,  falls  to  10  micra  during  the  second 
week  after  ovulation,  when  the  corpora  lutea  are  mature. 
During  the  third  week  (Fig.  3)  a  rise  in  the  height  of  the 
epithelium  marks  the  gradual  return  to  the  maximum 
height  characteristic  of  oestrus  and  the  first  few  days 
following  ovulation. 

This  periodic  rise  and  fall  in  the  height  of  the  epithe¬ 
lium  of  the  tubes  is  made  especially  conspicuous  by  the 
coincident  changes  in  the  non-ciliated  cells,  previously 
noted  in  the  living  tissue.  The  length  of  the  projections 
from  the  non-ciliated  cells  is  found  to  vary  inversely  with 


the  height  of  the  epithelium.  As  the  epithelium  becomes 
lower  during  the  second  week  after  ovulation  (period  of 
implantation,  Fig.  2),  striking  changes  are  evident  in  the 
non-ciliated  cells,  as  cytoplasmic  projections  from  their 
distal  ends  jut  out  far  beyond  the  adjacent  cilia.  The 
deeply  staining  nuclei  may  be  seen  not  infrequently  ex¬ 
tending  into  such  protrusions,  which,  as  they  increase  in 
length,  tend  to  become  pedunculated  and  may  occasion¬ 
ally  break  away.  As  the  epithelium  increases  in  height 
again  during  the  third  week  after  ovulation  (Fig.  3),  the 
projections  tend  to  disappear,  until  at  the  time  of  ovula¬ 
tion,  and  throughout  most  of  the  first  week  afterwards, 
the  distal  ends  of  the  non-ciliated  cells  become  flattened 
out  nearly  on  a  level  with  the  basal  granules  of  the 
ciliated  cells  and  rarely  extending  to  the  tips  of  the 
cilia. 

The  nature  of  these  curious  cytoplasmic  projections 
which  have  also  been  seen  in  the  uterus  of  several  species 
(see  Corner  3)  remains  obscure.  Staining  tests  show  that 
they  do  not  contain  mucin,  nor  have  any  other  special 
histochemical  features  been  noted,  other  than  those  of 
the  cytoplasm  from  which  they  project.  The  presence  of 
cilia  at  all  stages  of  the  cycle  without  apparent  variation 
in  number  is  verified  by  examination  of  the  fixed  mater¬ 
ial.  The  nuclei  of  the  ciliated  cells  often  lie  closer  to  the 
surface  of  the  epithelium  than  those  of  the  non-ciliated 
cells,  when  the  epithelium  is  high  during  several  days 
preceding  ovulation  and  almost  a  week  following  it. 
Thus  the  appearance  of  an  outer  and  inner  row  of  nuclei 
may  often  become  evident. 

In  spite  of  the  extensive  periodic  alterations  in  the 
epithelium,  signs  of  regenerative  and  degenerative  pro¬ 
cesses  such  as  mitotic  division,  “Stiftchenzellen,”  or 
chromatolysis  are  not  prominent  at  any  stage.  Rounded 
cells  with  deeply  staining  nuclei  and  lying  near  the  basal 
margin  of  the  epithelium  are  found  in  small  numbers 
throughout  the  cycle. 

The  fluid  content  of  the  connective  tissue  stroma  of  the 
tubes  appears  to  be  altered  periodically.  The  stroma  ap¬ 
pears  swollen  and  oedematous  when  the  epithelium  is 
high  during  the  first  and  third  weeks  after  ovulation,  in 
contrast  to  the  closely  packed  strands  when  the  epithe¬ 
lium  is  low,  during  the  second  week. 

Wandering  cells  of  the  eosinophilic  and  plasma  cell 
types  appear  in  numbers  that  fluctuate  sharply  but  ir¬ 
regularly  without  any  apparent  relation  to  the  cycle. 
Few  neutrophilic  leucocytes  are  seen. 

Turning  now  to  our  specimens  taken  from  pregnant 
animals,  (Fig.  4)  and  studying  them  in  the  light  of  the 
foregoing  observations  upon  the  non-pregnant,  we  note 
the  striking  fact  that,  if  pregnancy  intervenes,  the  per¬ 
iodic  changes  are  inhibited.  The  epithelium  of  the  tube 
tends  to  remain  in  the  condition  characteristic  of  the 
second  week  after  ovulation  (when  the  corpora  lutea  are 
mature,  Fig.  2).  For  instance,  in  a  tube  from  a  preg- 
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nancy  of  about  18  days  (embryos  of  23  somites,  Fig.  4) 
the  epithelium  (9  micra)  is  not  more  than  half  as  high  as 
in  the  non-pregnant  animal  of  the  same  stage  (Fig.  3). 
Similarly,  the  cytoplasmic  projections  from  the  surface 
of  the  non-ciliated  cells  are  more  than  twice  as  long  in  the 
pregnant  as  contrasted  with  the  non-pregnant.  The  con¬ 
nective-tissue  strands  of  the  stroma  are  closely  packed. 
In  tubes  of  about  the  ninth  day  of  pregnancy  (1  mm. 
blastocysts)  at  about  the  time  of  implantation,  a  marked 
infiltration  of  eosinophilic  leucocytes  is  evident. 

No  change  is  observed  in  the  distribution  or  activity 
of  the  cilia  in  pregnancy. 

Discussion 

From  the  foregoing  observations  it  seems  evident  that 
in  the  Fallopian  tubes  of  the  pig  periodic  changes  occur 
in  the  height  of  the  epithelium,  in  the  surface  and  morph¬ 
ology  of  the  non-ciliated  cells,  and  in  the  fluid  content  of 
the  stroma.  These  cyclic  alternations  parallel  the  cor¬ 
pus  luteum  rather  closely  in  its  three  phases:  growth 
(1st  week),  full  development  (2nd  week),  and  retrogress¬ 
ion  (3rd  week,  Fig.  5).  Thus  when  the  ova  are  passing 
along  the  tubes  early  in  the  first  week  after  ovulation,  the 
epithelium  is  of  maximum  height  (25  micra)  with  the 
surface  of  the  non-ciliated  cells  flattened  and  smooth 
(Fig.  1).  When  implantation  is  occurring  in  the  uterus 
during  the  second  week  the  epithelium  reaches  the  mini¬ 
mum  height  (10  micra),  and  finger-like  cytoplasmic  pro¬ 
jections  jut  out  from  the  surface  of  the  non-ciliated  cells 
far  beyond  the  cilia,  completely  altering  the  textural 
conditions  along  the  lumen  (Fig.  2).  Perhaps  these  pro¬ 
jections  represent  a  response  of  the  tissues  derived  from 
the  upper  portion  of  the  Mullerian  duct  in  the  same  man¬ 
ner  as  that  which  in  the  uterus  facilitates  the  implanta¬ 
tion  of  the  embryos,  as  Corner  3  has  demonstrated.  When 
the  new  crop  of  Graafian  follicles  is  rapidly  maturing 
during  the  third  week  after  ovulation  (Fig.  3),  the  epi¬ 
thelium  increases  in  height  and  the  surface  of  the  non- 
ciliated  cells  tends  to  become  flattened  to  nearly  the 
level  of  the  basal  granules  of  the  ciliated  cells. 

The  presence  of  the  fullgrown  corpora  lutea  that  mark 
pregnancy  (Fig.  4)  is  accompanied  by  an  inhibition  of  the 
periodic  changes  in  the  epithelium  and  stroma  of  the 
tube,  and  the  persistance  of  the  low  epithelium  and  long 
cytoplasmic  projections  seen  during  the  second  week  after 
ovulation.  Curves  corresponding  to  changes  in  size  of 
the  corpus  luteum  and  alterations  in  the  height  of  the 
epithelium  of  the  tube  are  almost  parallel  (Fig.  5). 

No  significant  alteration  in  the  distribution  or  activity 
of  the  cilia  occurs  at  any  time  throughout  the  reproduc¬ 
tive  cycle  or  early  pregnancy,  in  the  tubes  of  the  pig.  No 
evidence  in  support  of  an  alternation  of  a  ciliated  and 
non-ciliated  (secretory)  phase  is  noted.  It  is  suggested 
that  the  strikingly  altered  surface  of  the  non-ciliated 


cells,  especially  during  the  2nd  week  after  ovulation, 
when  the  corpora  lutea  are  well  differentiated,  may  help 
explain  the  previous  observations  describing  a  periodic 
transition  from  a  ciliated  to  a  non-ciliated  (secretory) 
phase.  There  is  no  support  in  these  observations  for 
clinical  hypotheses  regarding  tubal  pregnancy,  sterility, 
placenta  praevia,  etc.,  based  upon  the  influence  on  the 
transport  of  the  ova,  of  the  supposed  alternation  of  cili¬ 
ated  and  non-ciliated  phases  in  the  epithelium  of  the  tube. 

Summary 

1.  There  are  periodic  changes  in  the  Fallopian  tubes 
of  the  sow,  involving  the  height  of  the  epithelium,  the 
surface  and  morphology  of  the  non  ciliated  cells,  and  the 
fluid  content  of  the  stroma. 

2.  The  cyclic  alternations  in  the  tubes  closely  parallel 
the  corpus  luteum  in  its  phases  of  growth  (1st  week),  full 
development  (2nd  week),  and  retrogression  (3rd  week). 

3.  Pregnancy  inhibits  the  cyclic  alternations  in  the 
tubes  of  the  sow,  and  the  epithelium  tends  to  remain  in 
the  state  which  is  found  in  the  second  week  after  ovula¬ 
tion,  when  the  corpora  lutea  are  full  grown. 

4.  Active  cilia  are  seen  at  all  stages  of  the  cycle  with¬ 
out  apparent  alteration  in  distribution  or  activity. 

5.  These  observations  give  no  support  for  clinical  hypo¬ 
theses  explaining  pathological  conditions  of  implantation 
and  sterility  on  the  basis  of  an  alternation  of  ciliated  and 
non-ciliated  (secretory)  phases  in  the  epithelium  of  the 
tubes. 

Grateful  acknowledgment  is  due  Dr.  Corner  of  the 
Department  of  Anatomy  for  the  generous  supervision  and 
suggestions  which  made  the  work  possible. 

DESCRIPTION  OF  PLATE 

Fig.  1.  Epithelium  and  stroma  of  Fallopian  tube  of  the  pig  dur¬ 
ing  oestrus  (ova  found  in  tubes),  x  700. 

Fig.  2.  Tube  about  12th  day  after  ovulation.  X  700. 

Fig.  3.  Tube  during  latter  part  of  3rd  week  following  ovulation 
(17th-20th  day).  X  700. 

Fig.  4.  Tube  during  3rd  week  of  pregnancy.  Embryos  of  23 
somites  (17th-18th  day)  found  in  uterus.  X  700. 

Fig.  5.  Curve  showing  height  of  epithelium  of  Fallopian  tube 
of  the  pig  at  successive  stages  of  the  ovulation  cycle  and 
early  pregnancy,  in  comparison  with  Corner’s  diagram 
of  the  ovarian  cycle. 
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AN  EXM™  Of  the  spiNAL  ACCESS0ry  nerves  erqm  a 

CASE  OF  BILATERAL  ACQUIRED  SPASMODIC 

TORTICOLLIS  * 


By  Charles  Metcalfe  Byrnes,  M.  I). 

(Associate  in  Clinical  Neurology,  The  Johns  Hopkins  University ) 


ithin  the  past  fifty  years  the  surgical  treatment  of 
spasmodic  torticollis  has  been  widely  practised,  but  not¬ 
withstanding  the  many  opportunities  which  have  thus 
been  offered  for  the  acquisition  of  anatomical  material, 
there  are  few  recorded  instances  in  which  the  nerve  tissue 
lias  been  subjected  to  microscopic  examination.  The  cer¬ 
vical  musculature  has,  however,  been  the  object  of  search¬ 
ing  investigation;  and  an  occasional  necropsy  has  furn¬ 
ished  material  for  pathological  study  of  the  brain  and 
spinal  cord. 

Section  of  the  spinal  accessory  nerve  for  the  relief  of 
spasmodic  torticollis  is  said  to  have  been  first  practised 
by  Campbell  de  Morgan  1  in  1862,  although  his  account  of 
the  operation  did  not  appear  until  four  years  later.  Isi- 
dor 2  found,  however,  that  Bujalski,  as  early  as  1843,  had 
divided  the  individual  branches  of  the  nerve  as  they  en¬ 
tered  the  sternomastoid  and  trapezius  muscles.  Nerve 
stretching  was  then  adopted  by  Annandale  3  but  later  on, 
having  found  this  procedure  to  be  of  no  benefit,  he  cut  the 
nerve.  Collier’s  4  method  of  ligating  the  spinal  accessory 
with  silver  wire  at  one  time  was  thought  to  be  an  effective 
procedure,  but  Gould  5  claimed  to  have  secured  more  last¬ 
ing  relief  by  avulsion  of  the  central  end  of  the  divided 
nerve.  Excision  of  the  nerve  was  then  practised  by  Riv- 
ington,  Smith,  Southam,  Ballance,  and  other  European 
as  well  as  American  surgeons,  while  later  on  Keen  6  de¬ 
vised  an  operation  which  included  division  of  the  posterior 
rami  of  the  upper  four  cervical  nerves.  Isidor’s  thesis  of 
189o  contains  a  critical  analysis  of  all  the  operations 
which  had  been  performed  up  to  that  time  upon  the  spinal 
accessory  and  posterior  cervical  nerves;  but  his  review 
and  my  own  search  of  the  subsequent  literature  upon  the 
surgical  treatment  of  torticollis  reveal  only  one  instance 

*  Read  before  the  Philadelphia  Neurological  Society,  October 
27 1  1 922. 


m  which  the  excised  nerve  has  been  studied  microscopic- 

So  far  as  I  have  been  able  to  determine,  Southam  '  was 
the  first  to  exannne  the  resected  spinal  accessory  nerve  in 
spasmodic  wry-neck.  He  found  proliferation  of  the  con¬ 
nective  tissue  and  neuroglia  and  in  portions  of  the  section 
disintegration  or  total  absence  of  the  myelin  sheath:  so 
that  in  these  demyelinated  areas,  “the  axis-cylinders  were 
the  only  remaining  normal  elements.”  His  laboratory- 
technique  is  not  recorded.  Five  months  previous  to  the 
resection,  the  nerve  had  been  subjected  to  stretching,  and 
Southam  attributes,  no  doubt  correctly,  the  pathological 
c  anges  to  the  result  of  this  earlier  operation.  Hence  the 
only  study,  thus  far  recorded,  of  the  previously  uninjured 
nerve  must  be  accredited  to  Ballance8  who,  five  years 
later,  described  a  case  in  which  the  affection  was  unilat¬ 
eral  and  apparently  confined  to  the  sternomastoid  and 
trapezius.  About  one  inch  of  the  spinal  accessory  nerve 
was  resectioned  and  preserved  for  further  investigation. 
Without  reference  to  his  staining  methods  he  concludes 
his  paper  with  the  following  sentence:  “The  microscopic 
examination  of  the  excised  portion  of  the  nerve  did  not 
reveal  anything  abnormal.” 

Kader,9  in  an  elaborate  monograph,  for  the  most  part 
dealing  with  the  congenital  form  of  the  disease,  appar¬ 
ently  confined  his  anatomical  investigation  to  a  study  of 
the  muscles.  Sections  were  especially  prepared,  however, 
for  examination  of  the  intramuscular  nerve  fibres  and  in 
most  instances  these  were  of  normal  appearance,  although 
slight  thickenings  of  the  endoneurium  and  moderate 
round-cell  infiltration  were  occasionally  noted.  In  some 
of  the  sections  the  nerve  fibres  were  faintly  stained  and 
the  axis-cylinders  terminated  abruptly  in  a  cone-shaped 
process  surrounded  by  clusters  of  lymphocytes.  The 
motor  end-plates  were  unaltered.  Kader  apparently  did 
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not  examine  the  nerve  trunk  and,  although  he  regarded 
the  changes  in  the  intramuscular  nerve  fibres  as  secondary 
to  the  myositis,  it  was  his  opinion  that  true  spasmodic 
torticollis  may  be  the  result  of  a  primary  nerve  affection. 

Thus,  in  the  account  of  the  following  case,  the  patho¬ 
logical  examination  of  the  nerves  is  of  particular  interest, 
while  the  bilateral  character  of  the  spasm,  with  the  pro¬ 
duction  of  marked  retroflexion  of  the  neck,  and  the  his¬ 
tory  of  a  preceding  infection  are  the  clinical  features  to 
which  attention  is  directed. 

J.  S.,  a  male,  aged  19,  single,  came  to  the  Johns  Hopkins  Hos¬ 
pital  Dispensary  (F.94878)  on  May  19,  1918,  complaining  of 
“swelling  and  stiffness  of  the  neck.”  Both  parents  were  living; 
the  mother  was  then  healthy;  but  the  father  had  suffered  from 
headaches  and  stomach  trouble,  and  one  sister  had  been  subject 
to  migraine.  In  other  respects,  the  family  history  was  without 
significance. 

The  patient  was  a  full-term  child,  delivered  without  instrumen¬ 
tation,  and  at  birth  showed  no  physical  imperfection.  With  the 
exception  of  whooping-cough  and  measles  during  childhood,  there 
was  no  history  of  illness  until  4  years  before  admission  when, 
at  the  age  of  fifteen,  he  had  a  “nasty,  high  fever”  of  several  days’ 
duration.  This,  according  to  his  mother,  left  him  in  a  highly 
nervous  condition  from  which  he  never  fully  recovered,  notwith¬ 
standing  the  faithful  administration  of  osteopathic  therapy  for  a 
period  of  nine  months.  In  1916  he  had  a  purulent  discharge  from 
the  right  ear.  He  had  worn  glasses  for  a  number  of  years,  but 
had  never  suffered  from  diplopia  or  strabismus.  The  cardio¬ 
respiratory,  gastro-intestinal,  and  renal  systems  were  without 
evident  disease.  Venereal  infection  was  denied  and  a  history  of 
secondary  manifestations  was  not  obtained.  He  smoked  but  did 
not  use  alcoholic  beverages. 

In  February,  1918,  an  abscess  of  the  right  thigh  confined  him  to 
bed  for  several  days  and,  while  suffering  from  this  infection,  a 
drawing  sensation  accompanied  by  swelling  and  stiffness  of  the 
muscles  was  first  experienced  upon  the  right  side  of  the  neck. 
The  head  was  then  deviated  to  the  left.  Within  a  few  days,  the 
muscles  upon  the  left  side  of  the  neck  were  similarly  affected  and 
later  those  at  the  back  of  the  neck  became  stiff  and  swollen,  so 
that  the  head  was  now  drawn  backward.  The  spasm  was  said  to 
have  become  fully  developed  within  a  period  of  ten  days  or  two 
weeks,  and  since  then  there  had  been  only  brief  intervals  in  which 
it  was  possible  to  hold  the  head  in  the  erect  posture  or  to  flex  it 
upon  the  chest.  During  sleep  the  contractions  ceased  and  the 
diminution  in  the  size  of  the  muscles  was  such  that,  upon  awak¬ 
ening  in  the  morning,  he  could  wear  with  comfort  a  “fourteen” 
collar;  whereas  by  noon  the  size  of  the  neck  had  so  increased  that 
it  was  necessary  to  change  to  a  collar  two  sizes  larger.  This 
nocturnal  variation  in  the  symptoms  has  continued  throughout 
the  illness. 

Examination  revealed  a  well-nourished  and  physically  well- 
developed  man  who  did  not  give  the  impression  of  being  partic¬ 
ularly  neurotic.  His  head  was  held  in  almost  constant  retroflexion, 
with  the  chin  deviated  slightly  to  the  left  so  that  when  sitting  in 
front  of  the  patient  one  looked  directly  into  the  nostrils.  The 
swelling  and  hypertrophy  of  both  sternomastoid  muscles  were, 
however,  the  most  striking  features  (.Fig.  1).  Occasionally,  the 
retrocollic  spasm  ceased  for  a  short  period  during  which  the 
chin  could  be  voluntarily  flexed  upon  the  thorax;  but  the  head 
was  almost  immediately  drawn  backward  by  a  contraction  which 
began  simultaneously  in  the  two  trapezii  and  the  posterior 
muscles  on  both  sides  of  the  neck,  and  subsequently  involved  the 
two  sternomastoids.  The  head  was  then  fixed  in  the  position 


shown  in  Fig.  2,  with  a  degree  of  tonicity  which  could  not  be 
overcome  either  actively  or  passively.  Although  tremor  and  spas¬ 
modic  twitching  were  sometimes  noted  in  the  right  arm,  there  was 
no  additional  evidence  of  disease  of  the  nervous  system. 

Upon  further  study  after  admission  to  the  Church  Home  and 
Infirmary,  May  30,  1918,  it  was  noted  that  there  were  many  car¬ 
ious  teeth,  marked  pyorrhea,  and  follicular  tonsillitis;  but  phys¬ 
ical  examination  of  the  thorax  and  abdomen  disclosed  no  abnor¬ 
mality,  and  the  urine  contained  neither  albumin  nor  sugar. 
Although  the  erythrocytes  were  normal  in  appearance  and  num¬ 
ber,  a  leucocyte  count  of  11,840  was  recorded.  A  slight  rise  of 
temperature  of  the  septic  type  was  attributed  to  the  oral  and 
pharyngeal  infection.  The  blood  Wassermann  test  was  negative, 
and  a  radiogram  of  the  cervical  spine  failed  to  show  any  disease 
of  the  vertebrae.  On  twenty  successive  days  measurements  of  the 
neck  were  made  in  the  morning,  at  noon,  and  in  the  evening,  and 
it  was  noted  that  the  largest  measurement,  39  cm.,  was  uniform- 
ally  obtained  at  noon.  Toward  evening  the  swelling  would 
gradually  subside,  so  that  the  morning  measurement  was  usually 
2  or  2.5  cm.  less  than  that  obtained  at  mid-day. 

It  seemed  desirable  to  eliminate  the  obvious  foci  of  infection, 
and  Dr.  E.  H.  Teeter  accordingly  removed  the  tonsils  and  carious 
teeth.  The  operation  was  followed  by  evident  improvement  in 
the  patient’s  general  condition.  The  temperature  remained  nor¬ 
mal,  the  retrocollic  spasm  was  less  intense,  and  the  variations  in 
the  size  of  the  neck  were  not  so  great.  Nevertheless,  the  muscular 
spasm  persisted  to  a  marked  degree  and  on  August  29,  1918,  Dr. 
Teeter  sectioned  two  unidentified  posterior  cervical  nerves,  both 
spinal  accessory  nerves,  and  the  sternomastoid,  the  trapezius,  the 
splenius  capitis,  and  the  semispinalis  on  both  sides.  All  of  the 
muscles  were  greatly  hypertrophied  and  slightly  edematous.  A 
portion  of  each  muscle  and  of  each  spinal  accessory  nerve  was 
placed  in  10  per  cent,  formalin  for  microscopic  study. 

The  anatomical  material  was  cut  in  cross  and  longi¬ 
tudinal  sections,  and  the  nerve  tissue  stained  with  haem- 
alum  and  acid  fuchsin,  phosphotungstic  acid,  and  by  the 
Weigert  method,  while  specimens  of  the  muscles  from 
both  sides  of  the  neck  were  treated  with  haemotoxylin  and 
eosin,  the  Van  Gieson  stain,  and  iron-haematoxylin. 

The  Spinal  Accessory  Nerves. — The  left  nerve,  in  cross- 
section,  stained  with  haemalum  and  acid  fuchsin  shows 
many  faintly  colored,  swollen  axis-cylinders  of  irregular 
outline,  with  only  an  occasional  healthy-looking  axone  in 
the  entire  section.  There  is  no  cellular  or  connective- 
tissue  proliferation,  nor  is  there  any  evidence  of  an  acute 
inflammatory  reaction.  With  the  nerve  cut  longitudinally 
the  fragmentation  and  swelling  of  the  axis-cylinders  are 
more  apparent,  and  there  is  perhaps  slight  increase  in  the 
neurilemma  nuclei.  In  the  phosphotungstic  acid  prepar¬ 
ation  (Fig.  3),  the  neurofibrils  appear  to  be  separated 
into  irregular  fasciculi  occupying  most  of  the  myelin 
space,  but  examination  of  the  longitudinal  section  shows 
that  this  arrangement  is  probably  due  to  fragmentation 
of  the  axis-cylinders.  The  Weigert  stain  reveals  a  com¬ 
plete  absence  of  myelin.  The  right  spinal  accessory  nerve 
presents,  by  all  methods  of  staining,  a  more  nearly  normal 
appearance,  although  in  the  Weigert  preparation  the  mye¬ 
lin  takes  the  stain  faintly  and,  in  portions  of  the  section, 
is  completely  decolorized. 
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Fig.  1. — Retrocollic  spasm  showing  swelling  and  hyper-  Fig.  2.— Retrocollic  spasm.  Lateral  view  showing  degree  of 

trophy  of  both  sternomastoid  muscles.  Except  during  sleep  retraction  of  head  and  hypertrophy  of  the  sternomastoid. 

and  for  brief  periods  of  relaxation,  the  head  occupies  this 
position  throughout  most  of  the  day. 


Fig.  3. — Cross-section.  Portion  of  the  left  spinal  accessory  nerve.  Phos- 
photungstic  acid  stain.  Camera  lucida  drawing,  Oc.  3,  Obj.  6,  Leitz,  show¬ 
ing  disintegration,  fragmentation  and  distortion  of  the  axis-cylinders.  The 
insert  in  the  upper  left  corner  represents  a  portion  of  a  normal  spinal  acces¬ 
sory  nerve  stained  by  the  same  method  and  sketched  to  the  same  magni¬ 
fication. 
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The  Muscular  Tissue. — In  general,  all  of  the  specimens 
exhibit  the  changes  commonly  observed  by  those  who  have 

■eviously  studied  the  muscles  in  torticollis.  Most  of  the 
specimens  are  well  stained,  but  the  muscle  cells  vary  in 
size  and  shape.  Some  are  round,  elliptical,  or  polygonal 
and  in  a  process  of  simple  atrophy,  while  others  are  great¬ 
ly  hypertrophied  and  show  longitudinal  cleavage.  The 
sarcolemma  nuclei  are  not  particularly  increased  and,  as 
a  rule,  the  cross  striations  are  well  preserved.  A  more 
pronounced  lesion  is  observed  in  the  splenius  capitis 
where,  in  addition  to  the  changes  already  noted,  many  of 
the  muscle  cells  are  dumb-bell  in  shape,  vacuolated,  and 
undergoing  general  disintegration.  The  muscles  of  the 
left  side  appear  to  be  more  severely  affected  than  those 
upon  the  right. 

Although  it  is  not  uncommon  in  wry  neck  to  find  a  pre¬ 
dominant  unilateral  spasm  associated  with  feeble  contrac¬ 
tion  of  some  of  the  muscles  of  the  opposite  side,  the 
approximately  equal  involvement  of  the  two  sides  is  quite 
unusual ;  and  I  have  been  able  to  find  only  two  instances 
of  well  marked  retrocollie  spasm  in  the  literature.  Gow¬ 
ers  10  has  met  with  the  condition  once,  and  Cassirer 11  has 
recently  described  a  case,  with  autopsy,  in  which  retro¬ 
flexion  of  the  neck  was  preceded  for  several  years  by 
torsion  spasm  of  the  extremities.  One  of  Southam’s 12 
three  cases  was  of  the  bilateral  type.  The  congenital  dis¬ 
ease,  although  of  an  entirely  different  nature,  occasionally 
affects  both  sides,  and  Morse 13  has  reported  a  case  of  this 
type,  with  the  note  that  Hildebrand  14  had  also  recorded 
a  similar  observation.  Thoms  15  has,  however,  since  re¬ 
ported  a  third  instance  of  the  bilateral  affection  in  in¬ 
fancy. 

Of  the  many  causes  to  which  the  acquired  disease  has 
been  attributed,  cervical  arthritis,  trauma,  septic  intoxi¬ 
cation,  the  infectious  diseases,  occupation,  and  psycho¬ 
genic  disturbances  are  thought  to  be  the  more  important 
etiologic  factors.  It  is  of  interest  in  connection  with  the 
subject  of  this  study  that  Fitz  Simmons  16  finds  dental  in¬ 
fection  a  not  improbable  cause  of  the  disease,  and  Isidor 
refers  to  a  case  reported  by  J.  Mitchell  in  which  relief 
followed  the  extraction  of  carious  teeth.  Whether  or  not 
the  intoxication  is  productive  of  a  parenchymatous  degen¬ 
eration  of  the  spinal  accessory  and  posterior  cervical 
nerves  is  not  known  ;  and  although  Ballance  has  inti¬ 
mated  that  the  affection  may  be  due  to  irritation  of  the 
spinal  accessory  nerve  or  its  nucleus,  the  opinion  seems 
to  be  general  that  spasmodic  torticollis  is  not  dependent 
upon  a  disease  of  the  peripheral  nerves.  It  is  not  improb¬ 
able,  however,  that  the  cervical  nerves  may  be  implicated 
in  the  bony  changes  which  Marie  and  L6ri 17  have  recently 
described  in  the  cervical  vertebrae,  nevertheless,  it  is  diffi¬ 
cult  to  understand  how  a  lesion  confined  to  the  vertebrae 
would  explain  the  frequent  involvement  of  the  spinal  ac¬ 


cessory  nerve  without,  at  the  same  time,  producing  some 
evidence  of  spinal  cord  disease. 

That  contraction  of  the  cervical  muscles  may  be  a  symp¬ 
tom  of  disease  of  the  cortex,  the  meninges,  or  the  spinal 
cord  will  be  generally  admitted,  but  the  neuropathology 
of  genuine  spasmodic  torticollis  is  unknown  and  un¬ 
studied.  Those  who  regard  the  affection  as  an  organic 
nervous  disease  have  suggested  that  it  is  probably  due  to 
excessive  motor  discharges  from  the  cortical  or  spinal 
centers,  Avhile  Babinski  finds,  in  some  cases,  clinical  evi¬ 
dence  of  a  lesion  in  the  pyramidal  tracts.  Although  I 
have  been  unable  to  secure  the  original  account  of  the 
necropsy,  it  is  stated  by  Marie  and  Leri  that  no  lesion 
was  found  in  the  central  nervous  system  in  the  case  stud¬ 
ied  by  Dejerine.  According  to  Sicard  and  Robineau,18 
Tretiakoff  attributes  the  affection  to  disease  of  the  corpus 
striatum ;  while,  in  a  case  of  torsion  spasm  associated 
with  wryneck,  Cassirer  discovered  bilateral  degeneration 
of  the  caudate  and  lenticular  nuclei.  The  discovery  of 
this  lesion,  together  with  the  clinical  observation  of  a 
patient  in  whom  wry  neck  was  the  initial  symptom  of  a 
subsequent  torsion  spasm,  suggested  to  Cassirer  the  com¬ 
mon  origin  for  torticollis,  torsion  spasm,  and  dystonia 
musculorum  progressiva.  There  is  not  sufficient  evidence, 
however,  to  accept  his  conclusion  that  all  spasmodic  wry¬ 
neck  is  only  an  episode  in  the  development  of  this  nuclear 
syndrome. 

There  is  also  some  evidence,  from  a  study  of  lower 
animals,  that  a  spinal  lesion  may  be  the  cause  of  the 
muscle  spasm.  Edward  Crisp,19  in  1875,  described  the 
occurrence  of  torticollis  in  the  common  fowl.  The  hen 
was  found  with  its  neck  twisted  from  right  to  left,  while 
the  cervical  vertebrae  formed  nearly  a  semicircle  with  the 
point  of  the  head  directed  upward.  When  the  hen  was 
placed  in  a  basket  and  its  head  secured  in  the  normal 
posture,  the  convulsions  ceased.  Autopsy  revealed  a 
“large  ecchymosed  spot  over  the  second  cervical  vertebra” 
and  three  clots  of  blood,  the  size  of  millet  seeds  under  the 
outer  covering  of  the  cord  on  the  left  side. 

Since  division  of  the  peripheral  nerves  often  fails  to 
secure  relief,  Meige  is  of  the  opinion  that,  in  man,  the 
source  of  irritation  is  situated  above  the  spinal  center; 
and  that  the  impulse  arising  at  this  higher  level  is  prob¬ 
ably  transmitted  by  the  vascular  sympathetic  system.  It 
has  also  been  suggested  that  the  affection  may  be  due  to  a 
disturbance  of  the  vestibular  or  cerebellar  function. 

With  this  limited  knowledge  in  the  past  and  my  uncon¬ 
firmed  study  of  today,  there  is  no  evidence  upon  which  to 
formulate  any  reasonable  conception  as  to  the  nature  or 
location  of  the  lesion  in  acquired  torticollis;  and  whatever 
may  be  the  significance  of  the  changes  which  have  been 
described  in  the  spinal  accessory  nerves,  we  are  forced  to 
the  conclusion  that  the  neuropathology  of  spasmodic  tor¬ 
ticollis  is  in  need  of  further  investigation. 
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PART  III 

VIII.  The  Bearing  of  These  Findings  Upon  Reactions 
Following  Transfusion 

The  question  naturally  arises,  what  light  is  shed  by 
these  findings  upon  the  unexplained  reactions  following 
transfusion  ?  This  question  we  cannot  answer  completely 
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as  yet,  but  there  are  some  points  on  which  it  may  be  well 
to  comment. 

It  should  be  mentioned  that,  other  things  being  equal, 
the  frequency  of  recognizable  reactions  after  transfusion 
varies  directly  with  the  care  used  in  looking  for  them; 
careful  observations  and  an  hourly  temperature  chart 
reveal  many  otherwise  overlooked.  Dr.  Alan  Chesney  has 
tabulated  the  results  of  transfusions  recently  performed 
at  this  hospital  and  lias  kindly  placed  his  data  at  our 
disposal  (see  Table  XXV). 


TABLE  XXV. 

Post-Transfusion  Reactions 


Temperature 

All  transfusions, 
all  services. 

Aug.  1,  1921  to 
June  1,  1922 

Transfusions  for 
Pernicious  Anaemia. 
Aug.  1,  1921  to 
June  1,  1922 

Transfusions  for 
Pernicious  Anaemia. 
Aug.  1,  1920  to 
Aug.  1,  1921 

No. 

Per  cent 

No. 

Per  cent 

No. 

Per  cent 

Below  99° 

3 

3.8 

2 

3.8 

1 

1.2 

99.2° — 100° 

15 

19.2 

12 

23.0 

24 

29.2 

100.2° — 101° 

12 

15.3 

7 

13.4 

16 

19.5 

101. 

2° — 102° 

20 

25.6 

15 

28.8 

19 

23.1 

102.2° — 103° 

14 

17.9 

S 

15.3 

15 

18.3 

103. 

2° — 104° 

11 

14.1 

6 

11.5 

4 

4.9 

104.2° — 105° 

1 

1.2 

1 

1.9 

2 

2.4 

105.2°— 106° 

2 

2.5 

1 

1.9 

1 

1.2 

Total 

78 

99.6 

52 

99.6 

82 

99.8 

Present 

43 

55.1 

26 

50 

35 

42.7 

ChillJ 

Absent 

34 

43.6 

26 

50 

44 

53.6 

Not  Noted 

1 

1.2 

0 

0 

3 

3.6 

Total 

00 

99.9 

52 

100 

82 

99.9 

Table  XXV  shows  that  in  1G0  transfusions  (performed 
by  the  citrate  method,  for  the  most  part)  cases  without 
any  reaction  that  could  be  recognized  were  very  rare,  and 
that  about  half  of  the  patients  had  a  chill  and  a  temper¬ 
ature  over  101°  F. 

If  nothing  short  of  a  severe  chill,  vomiting,  hsemoglo- 
binuria  and  signs  of  collapse  be  regarded  as  constituting 
a  reaction,  they  are  relatively  infrequent,  provided  ordin¬ 
ary  care  is  used  in  selection  of  the  donor  and  in  the  actual 
technic  of  the  transfusion.  Granted  that  careful  obser¬ 
vations  are  made  and  that  any  elevation  of  temperature 
above  100°  F.  is  considered  an  indication  of  a  reaction, 
upon  what  do  the  reactions  depend?  It  is  believed  that  a 
variety  of  factors  play  a  part. 

More  than  one  writer  has  expressed  the  belief — in  which 
we  concur — that  many  of  the  reactions  are  dependent 
upon  changes  which  occur  in  the  blood  from  the  time  it 
leaves  the  vein  of  the  donor  until  it  reaches  the  vein  of  the 
recipient;  that  these  changes  are  inevitable  and  occur  to 
some  extent  no  matter  what  method  is  used,  but  are  more 
marked  when  the  so-called  indirect  methods  are  employed. 
This  is  not  intended  as  a  disparagement  of  any  particular 
method,  but  it  is  our  opinion  that  these  changes,  although 
often  negligible  from  the  therapeutic  standpoint,  are  quite 
perceptible  to  the  tissues  of  the  recipient  and  would  prob¬ 
ably  be  sufficient  to  cause  a  recognizable  reaction  in  a  fair 


percentage  of  cases  if  the  usual  methods  of  transfusion 
were  employed  in  refusion  of  a  person’s  own  blood.  Re¬ 
actions  dependent  upon  such  causes,  although  probably 
by  far  the  most  frequent,  are  usually  mild  or  of  only 
moderate  severity.  The  really  serious  reactions,  although 
more  uncommon,  are  of  much  greater  importance. 

Those  which  concern  us  chiefly  at  the  moment  are  such 
as  may  reasonably  be  attributed  to  incompatibility  as 
reckoned  by  the  standard  of  isoagglutination.  Before 
passing  to  this  aspect  of  the  question,  however,  we  wish 
to  call  attention  to  another  phase  which  is  usually  over¬ 
looked.  Most  of  us  have  a  tendency  to  view  transfusion 
as  a  ready  means  of  correcting  a  deficiency  in  red  blood 
cells,  and  so  regard  the  material,  administered  intra¬ 
venously,  merely  as  a  suspension  of  red  cells,  habitually 
disregarding  the  other  ingredients  or  at  least  minimizing 
their  importance.  We  rarely  consider  the  fact  that  the 
patient  receives  plasma,  leucocytes,  and  more  or  less 
damaged  platelets,  in  addition  to  the  needed  red  cells. 
Concerning  the  effect  of  the  leucocytes  not  much  evidence 
is  available,  but  it  has  been  shown  that  the  platelet  frac¬ 
tion  may  possess  some  toxicity.23  The  proteins  in  the 
plasma  of  transfused  blood  have  been  incriminated  by 
Meleney  et  al.,17  by  Bayliss,24  and  by  Bowcock.25  In¬ 
stances  are  occasionally  encountered  in  which  a  second 
transfusion  from  the  same  donor  results  in  the  production 
of  typical  anaphylactic  phenomena  in  the  recipient  after 
the  injection  of  a  very  small  amount  of  blood,  despite  the 
fact  that  the  bloods  of  donor  and  recipient  exhibit  no 
evidence  of  isoagglutination  either  before  or  after  the 
attempted  transfusion.  Such  reactions  differ  markedly 
in  type  from  those  dependent  upon  agglutination.  They 
have  been  observed  in  this  hospital  under  the  circum¬ 
stances  mentioned  above,  after  the  introduction  of  as 
little  as  10  c.c.  of  blood.  The  character  of  the  manifes¬ 
tations,  the  promptness  with  which  they  occur,  the  small 
amount  of  blood  required  to  evoke  them,  all  point  to  a 
protein  as  the  cause  and  to  the  plasma  rather  than  the 
red  cells  as  the  source.  This  phase  of  the  problem  ur¬ 
gently  needs  further  study. 

We  now  come  to  a  consideration  of  the  reactions  de¬ 
pendent  upon  incompatibility  resulting  from  isoagglutin¬ 
ation.  Such  reactions  are  apt  to  be  severe;  occasionally 
they  are  fatal.  Several  instances  of  this  sort  are  recorded 
and  the  manifestations  are  more  or  less  characteristic. 
They  occurred  in  a  higher  percentage  of  cases  in  the 
days  before  blood  grouping  came  into  general  vogue,  but 
still  occur  in  spite  of  such  precautions.  It  has  been  em¬ 
phasized  by  many  writers  that  mere  grouping  of  patient 
and  donor  is  insufficient  to  guard  against  this  peril ;  that 
actual  cross-matching  may  reveal  agglutination  in  bloods 
assigned  to  the  same  group  by  the  accepted  methods.  It 
is  but  natural  to  inquire  how  any  incompatibility  due  to 
isoagglutination  can  exist  between  bloods  of  persons  who 
really  belong  to  the  same  group. 
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In  the  first  place,  the  grouping  may  have  been  improp¬ 
erly  carried  out,  not  necessarily  with  defective  technic 
but  with  poor  reagents.  The  method  in  which  II  and  III 
sera  are  used  is  the  one  most  open  to  this  criticism. 
Everything  is  staked  upon  the  agglutinative  power  of 
these  sera,  often  kept  on  hand  as  stock  reagents  and  so 
capable  of  yielding  misleading  results  unless  the  effect  of 
deterioration  is  considered.  We  have  titrated  a  consider¬ 
able  number  of  fresh  sera  and  found,  as  others  have  done, 
a  wide  difference  in  agglutinative  strength ;  one  member 
of  a  group  might  agglutinate  in  a  dilution  of  1 :30  or  even 
higher,  and  another  might  not  agglutinate  beyond  1 :2 
or  1:4.  If  stored  as  stock  sera,  it  is  probable  that  the 
deterioration  inevitable  in  both  would  produce  a  serious 
loss  of  potency  in  the  weak  more  rapidly  than  in  the 
strong  serum.  We  have  had  the  opportunity  to  check  up 
actual  incompatibilities  between  apparent  members  of  the 
same  group  in  which  it  was  clearly  shown  that  one  or  both 
of  the  stock  sera  used  had  lost  much,  if  not  all,  agglutin¬ 
ative  power. 

In  the  next  place,  incompatibility  may  be  obvious  on 
matching  the  bloods  assigned  to  the  same  group  by  means 
of  tests  quite  free  from  criticism  of  this  sort.  This,  as  we 
have  pointed  out  in  earlier  portions  of  this  report,  is  de¬ 
pendent  on  the  inherent  limitations  of  the  tests  them¬ 
selves.  The  mere  fact  that  two  bloods  react  in  a  similar 
manner  to  an  arbitrary  test  which  has  only  four  possible 
combinations,  does  not  prove  that  these  bloods  contain 
the  same  isoagglutinins  and  isoagglutinogens,  and  so  be¬ 
long  to  the  same  group.  Practical  experience  has  demon¬ 
strated  the  value  of  the  added  precaution  which  is  af¬ 
forded  by  direct  matching  of  the  bloods  of  donor  and 
recipient,  but  if  the  accepted  tests  for  grouping  were  in¬ 
fallible  and  there  were  really  only  four  groups,  the  added 
precaution  would  be  superfluous. 

Severe  reactions,  of  the  type  which  we  associate  with 
isoagglutination,  occasionally  develop  when  no  incompat¬ 
ibility  has  been  revealed  after  the  most  careful  grouping 
and  cross-matching.  Reactions  of  this  sort  are  recorded 
as  having  occurred,  not  after  a  primary  transfusion  as  a 
rule,  but  after  the  injection  of  blood  from  a  donor  whose 
blood  had  been  used  for  the  same  patient  without  ill  effect 
on  one  or  more  previous  occasions.  In  some  non-fatal 
cases  of  this  kind,  subsequent  tests  of  the  blood  of  donor 
and  recipient  have  shown  agglutination  of  the  donor’s 
cells — sometimes  with  haemolysis  as  well — by  the  serum 
of  the  recipient.  Under  these  conditions  it  has  been 
natural  to  assume  that  the  earlier  preliminary  tests  must 
have  been  incomplete  or  improperly  performed.  This  has 
been  the  conclusion  usually  drawn  in  such  cases,  but  it  is 
not  the  only  possible  explanation. 

Ehrlich  and  Morgeuroth  20  were  the  first  to  show  that 
immune  isohaem oly  si  ns — but  not  autohaem oly sins — might 
be  developed  in  goats  by  the  injection  of  the  blood 


of  other  goats.  Yon  Dungern  and  Hirschfeld  27  showed 
that  immune  isoagglutinins  might  be  produced  in  the 
same  way  by  the  injection  of  dogs  with  the  blood  of  other 
dogs.  Experiments  of  this  sort  are  considered  to  demon¬ 
strate  the  existence  of  an  antigenic  substance — haemolytic 
receptor  or  agglutinogen — in  the  injected  cells,  different 
from  that  present  in  the  cells  of  recipient, — a  lnemolytic 
receptor  or  agglutinogen  capable  of  producing  by  immun¬ 
ization  a  corresponding  haemolysin  or  agglutinin  in  the 
serum  of  the  injected  animal.  It  is  quite  possible  that 
we  may  sometimes  be  repeating  the  essential  features  of 
these  experiments  in  our  repeated  transfusions.  If  the 
red  cells  of  the  donor  contain  an  antigenic  complex — 
haemolytic  receptor,  agglutinogen,  or  both  together — 
different  from  that  of  the  recipient,  it  is  entirely  within 
the  range  of  possibility  that  we  may  eventually  succeed 
iu  effecting  an  unpremeditated  immunization,  of  very 
questionable  value  to  the  patient. 

It  may  be  asked  how  an  agglutinogen  could  be  present 
in  the  cells  of  the  donor  different  from  that  in  the  recip¬ 
ient  and  yet  escape  detection  in  the  preliminary  matching 
and  grouping.  We  must  bear  in  mind,  however,  that  the 
presence  of  an  agglutinogen  is  revealed  by  its  union  with 
the  corresponding  agglutinin.  It  is  this  agglutinin — 
originally  and  naturally  absent  from  the  blood  of  the 
recipient — which  may  be*  developed  by  the  process  of 
immunization.  An  example  may  suffice  to  make  this 
plain. 

The  blood  of  Group  II  (H.)  has  been  shown  to  have  the 
formula  A — b  and  that  of  Group  II  (D.J.)  the  formula 
A — be;  in  other  words  the  bloods  are  alike  except  that 
one  possesses  an  extra  agglutinogen  (c)  not  possessed 
by  the  other,  (Sect.  Ill,  3).  By  the  ordinary  methods  of 
classification  these  bloods  are  both  assigned  to  Group 
II.  When  they  are  matched  against  each  other  there  is 
no  agglutination.  If  H.  were  made  the  recipient  and 
D.J.  the  donor  in  a  series  of  properly  spaced  transfusions, 
it  is  quite  likely  that  the  blood  of  H.  would  develop  im¬ 
mune  isoagglutinin  C  in  response  to  the  repeated  injec¬ 
tion  of  the  cells  of  D.  J.  containing  isoagglutinogen  c, 
and  its  formula  would  then  become  AC — b.  When  this 
stage  was  reached,  another  injection  of  blood  having  the 
formula  A — be — whether  from  D.J.  or  another — would 
surely  result  in  a  severe  reaction.  Examination  of  the 
two  bloods  at  this  time  would  reveal  obvious  incompat¬ 
ibility  and  the  earlier  tests  would  be  discredited. 

It  is  conceivable,  however,  that  tests  made  too  soon 
after  such  a  reaction  might  fail  to  furnish  evidence  of  iso¬ 
agglutination.  The  supply  of  agglutinin  C  in  the  serum 
of  the  recipient  might  temporarily  be  depleted  by  absorp¬ 
tion  with  the  injected  cells, — an  absorption  comparable 
to  that  considered  responsible  for  the  disappearance  of 
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autohaem oly sin  following  an  attack  of  paroxysmal  liaeino- 
globinuria.* 

Thalheimer,28  in  commenting  upon  a  case  somewhat 
similar  to,  if  not  identical  with  the  theoretical  one  we 
have  just  described  says,  “If  the  same  donor  is  used  for 
more  than  one  transfusion  on  the  same  individual,  the 
direct  tests  must  be  made  each  time  before  each  trans¬ 
fusion.  This  is  necessary  because  agglutinins  may  de¬ 
velop  against  a  donor’s  blood  when  the  donor  is  used 
more  than  once  in  the  transfusion  of  the  same  patient.” 

In  the  same  connection  McClure  and  Dunn  29  say :  “In 
the  patients  for  whom  many  transfusions  have  had  to  be 
done,  it  has  been  observed  that  it  is  more  and  more  diffi¬ 
cult  to  find  donors  whose  blood  will  match  that  of  the 
patient.  A  donor  may  match  perfectly  early  in  the  series 
of  transfusions  and  later  be  found  to  be  unsuitable.  This 
is  probably  due  to  the  development  of  iso-haemolysins.” 
[or  of  isoagglutinins?]  “It  is  therefore  most  important 
that  the  bloods  be  matched  before  each  transfusion.” 

A  similar  condition  of  affairs  may  explain  reactions 
of  the  same  sort  following  repeated  injections  of  blood 
from  Group  IV,  “the  universal  donor.”  Hooker  and  An¬ 
derson  21  have  shown  that  the  cells  of  one  member  of  this 
group  contained  a  specific  antigenic  substance  capable  of 
calling  forth  specific  immune  agglutinin  in  the  blood  of 
an  injected  animal.  In  Sect.  VII  we  have  pointed  out 
that  the  observations  of  various  workers  concerning  cer¬ 
tain  unusual  members  of  Group  IV  can  best  be  explained 
by  assuming  the  presence  in  the  cells  of  these  exceptional 
bloods  of  an  agglutinogen  other  than  a  or  b.  If  such  a 
Group  IV  blood  with  the  formula  AB — c  were  used  for 
repeated  transfusion  of  the  same  patient,  no  difficulty 
would  arise  after  the  first  injection,  perhaps  not  after  the 
second  or  the  third ;  but  when  immunization  of  the  pa¬ 
tient  had  occurred  and  agglutinin  C  was  present  in  his 
serum, — whether  it  required  one  or  a  dozen  injections  to 
induce  this  condition — the  next  transfusion  from  the 
same  donor  or  one  with  the  same  kind  of  blood,  would 
surely  produce  a  memorable  result. 

Other  examples  might  be  presented,  but  we  feel  that 
these  two  will  suffice  to  illustrate  the  difficulties  which 


*  Are  the  quantitative  relations  between  the  blood  volume  of 
the  recipient  and  the  amount  of  blood  received  from  the  donor, 
such  as  to  render  this  suggested  depletion  of  agglutinin  plausible? 
Ottenberg13  has  stated  that  under  certain  conditions  one  volume 
of  cells  can  completely  absorb  the  isoagglutinin  from  16  volumes 
of  serum.  Considering  the  blood  of  donor  and  recipient  as  half 
cells  and  half  plasma,  a  transfusion  of  500  c.c.  would  contain 
sufficient  red  cells  to  absorb  the  agglutinin  from  8  litres  of  blood. 
Calculating  the  blood  volume  at  1/13  of  the  body  weight,  we  may 
assume  for  a  patient  of  65  kilos  a  blood  volume  of  only  about 
5  litres.  Even  allowing  for  a  very  considerable  reduction  in  the 
proportion  of  red  cells  and  a  corresponding  increase  in  the  rela¬ 
tive  amount  of  plasma  in  the  blood  of  the  recipient,  the  amount 
of  red  cells  injected  might  be  sufficient  to  “deplete”  the  agglutinin 
content,  for  the  time  being,  rather  markedly. 


may  arise  front  the  injection  of  red  cells  containing  an 
agglutinogen  not  present  in  the  cells  of  the  recipient,  even 
though  the  serum  of  the  recipient  is  originally  quite 
devoid  of  the  corresponding  agglutinin  and  so  produces 
no  agglutination  when  tested  against  the  donor’s  cells. 
This  we  believe  to  be  a  matter  of  practical  importance 
with  a  definite  bearing  upon  the  question  of  reactions 
following  transfusion. 

IX.  Method  of  Procedure  in  the  Classification  of 
Isoagglutinin  Groups 

In  the  preceding  sections  we  have  presented  the  reasons 
for  our  belief  that  the  usual  methods  for  classification  of 
blood  groups  are  unsatisfactory,  in  that  they  fail  to  yield 
all  of  the  information  needed.  We  feel  that  this  criti¬ 
cism  is  just,  but  inadequate,  unless  accompanied  by  con¬ 
structive  suggestions  calculated  to  remedy  the  obvious 
deficiency.  In  the  present  incomplete  state  of  our  knowl¬ 
edge  concerning  isoagglutinin  groups,  however,  it  is  not  a 
simple  matter  to  evolve  a  scheme  capable  of  meeting 
every  contingency;  nevertheless,  we  believe  that  existing 
conditions  can  be  improved. 

1.  Selection  of  standard  or  test  bloods. 

A  necessary  preliminary  requisite  for  accurate  classi¬ 
fication  or  grouping  of  unknown  bloods  is  that  great 
care  be  exercised  in  the  selection  and  use  of  the  standard 
or  test  bloods  which  are  to  serve  as  diagnostic  reagents. 
There  are  four  points  which  we  may  mention  in  this  con¬ 
nection. 

(«)  Successive  series  of  complete  cross-agglutination 
tests,  with  20  or  more  bloods  in  each  series,  are  to  be 
recommended  as  the  initial  step  in  the  selection  of  the 
“known  bloods”  to  be  used  in  further  study.  Inclusion  of 
the  bloods  of  all  persons  constantly  available,  such  as 
staff  associates,  laboratory  assistants  and  the  investiga¬ 
tor  himself,  is  desirable,  as  it  is  advantageous  to  have  at 
hand  ready  sources  of  supply  for  the  necessary  test 
bloods. 

(b)  The  agglutinin-agglutinogen  content  of  the  “known 
bloods”  selected  for  the  classification  of  others,  should  be 
ascertained.  This  may  not  be  an  egsy  task,  and  complete 
knowledge  of  the  formulae  may  not  be  obtained  until  the 
bloods  have  been  in  use  for  some  time.  Extensive  cross¬ 
agglutination  and  absorption  tests  may  be  necessary  to 
secure  this  information,  but  time  so  expended  is  not 
wasted.  To  place  entire  reliance  on  the  results  of  blood 
grouping,  it  is  essential  that  the  standard  or  “known 
bloods”  by  which  the  others  are  judged,  be  really 
“known.” 

(c)  For  the  classification  of  unknown  bloods,  it  is 
preferable  to  use  fresh  serum  and  fresh  cells  from  the 
“known  bloods.”  We  realize  that  this  may  not  always 
be  feasible,  but  do  not  consider  that  fact  a  sufficient 
reason  for  according  the  preference  to  stale  reagents.  If 
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conditions  are  such  as  to  necessitate  the  use  of  stored 
or  stock  sera,  it  is  not  impossible  to  utilize  red  cells,  pre¬ 
served  according  to  the  method  of  Rous  and  Turner 30 
as  stock  reagents  also. 

(d)  The  “known  sera” — whether  fresh  or  stored — 
should  possess  good  agglutinative  titre,  and  the  “known 
cells”  should  be  readily  agglutinable,  at  the  time  they  are 
used  for  the  classification  of  other  bloods. 

2.  Recognition  of  agglutinins  A  and  B  and  agglutin¬ 
ogens  a  and  b. 

In  Section  II,  6,  it  was  pointed  out  that  there  are  nine 
combinations  of  two  agglutinins  and  the  corresponding 
agglutinogens,  which  may  be  regarded  as  biological  possi¬ 
bilities;  and  in  Table  XVI  were  shown  the  results  which 
would  be  obtained  with  bloods  representing  these  com¬ 
binations  when  tested  by  different  methods.  It  was  seen 
that  the  four  combinations  considered  to  represent  the 
four  accepted  groups,  reacted  consistently  when  tested 
by  any  or  all  of  the  different  methods,  but  that  the  other 
five  combinations  gave  different  results  depending  on  the 
type  of  test  employed.  It  can  also  be  seen  from  Table 
XVI  that  a  discrepancy  would  be  evident  if  any  of  these 
five  combinations  were  tested  by  two  methods  properly 
selected.  Thus  each  of  the  five  combinations  would  give 
a  result  with  method  No.  1  (x  r.b.c.  vs.  ser.  II  and  ser. 
Ill),  entirely  different  from  that  with  method  No.  2 
(«r  ser.  vs.  r.b.c.  II  and  r.b.c.  Ill)  and  so  would  indicate 
at  once  an  unusual  blood.  The  same  would  be  true  if  test 
No.  3  ( x  ser.  vs.  r.b.c.  II;  x  r.b.c.  vs.  ser.  II)  were  used 
in  conjunction  with  test  No.  4  ( x  ser.  vs.  r.b.c.  Ill ;  x  r.b.c. 
vs.  ser.  III).  It  is  perhaps  unnecessary  to  point  out 
that  what  is  actually  accomplished  by  using  tests 
No.  1  and  No.  2  is  exactly  the  same  as  with  tests 
No.  3  and  No.  4,  namely,  cross-agglutination  of  the  cells 
and  serum  of  the  unknown  blood  with  the  sera  and  cells 
of  Groups  II  and  III,  although  the  particular  combina¬ 
tions  used  in  the  separate  tests  may  lead  to  different  in¬ 
terpretations  (see  Table  XVI).  Any  unknown  blood 
which  gives  discordant  results  with  tests  No.  1  and  No.  2 
—or  with  tests  3  and  4 — is  plainly  an  exception  to  the 
four  accepted  groups  and  merits  further  study  before 
final  classification  or  use  in  a  transfusion.  The  next  step 
in  the  investigation  of  such  a  blood  is  complete  cross¬ 
agglutination  tests  with  “known  bloods”  representing 
each  of  the  four  accepted  groups.  By  this  means  one  may 
classify  an  unknown  blood  according  to  its  content  in 
agglutinins  A  and  B  and  the  corresponding  agglutin¬ 
ogens,  but  additional  procedures  must  be  employed  if  we 
are  to  ascertain  with  assurance  the  presence  of  agglutinin 
G  and  its  appropriate  receptor. 

3.  Recognition  of  agglutinin  G  and  agglutinogen  c. 

The  demonstration  of  an  agglutinin  requires  an  agglu¬ 
tinogen  with  which  it  can  unite;  the  existence  of  an 
agglutinogen  is  proven  by  its  union  with  an  agglutinin. 
Both  of  these  must  exist  to  prove  the  existence  of  either, 


and  one  of  them  must  be  available  to  test  for  the  pres¬ 
ence  of  the  other.  So  far  as  agglutinin  G  and  its  corres¬ 
ponding  agglutinogen  are  concerned,  our  work  has  led 
us  to  believe  that  each  of  them  is  fairly  widely  distributed 
in  human  bloods.  They  have  hitherto  escaped  recognition 
for  two  reasons ;  first,  because  the  type  of  test  in  general 
use  was  not  calculated  to  reveal  anything  unusual,  and 
second,  because  a  simpler  explanation  sufficed  to  account 
for  the  behavior  of  most  bloods  when  subjected  merely 
to  cross-agglutination  tests,  and  also  the  behavior  of  the 
relatively  few  bloods  ever  tested  by  the  absorption 
method.  The  matter  has  been  complicated,  recognition 
postponed  and  rendered  more  difficult  by  the  wide  distri¬ 
bution  of  agglutinins  A  and  B  and  their  corresponding 
agglutinogens. 

For  the  demonstration  of  agglutinin  G,  the  most  desir¬ 
able  test  blood  would  be  one  with  red  cells  containing 
only  agglutinogen  c,  but  bloods  of  this  sort  may  be  hard 
to  find,  as  they  are  rather  rare.  We  have  not  recognized 
an  example  of  this  type  in  our  own  studies,  but  patient 
No.  7627-s.j.  reported  by  Jansky,  evidently  had  red  cells 
containing  a  single  agglutinogen  which  was  neither  a  nor 
b  (see  Sect.  VII,  1). 

In  the  same  way,  the  most  direct  method  of  showing  the 
presence  of  agglutinogen  c — either  alone  or  in  addition 
to  another  agglutinogen — is  by  means  of  a  serum  known 
to  contain  only  agglutinin  G.  We  have  found  two  per¬ 
sons  with  blood  of  this  sort,  C.T.  and  G.V.C.  (see  Sect. 
IV,  1),  but  we  have  not  gained  the  impression  that  bloods 
like  these  are  common. 

It  may  readily  require  considerable  work  to  find  an 
adult  whose  serum  contains  only  agglutinin  G  or  one 
whose  red  cells  contain  only  agglutinogen  c.  The  findings 
reported  by  Happ  18  (Sect.  VII,  5)  suggest  that  agglutin¬ 
ogen  e  may  sometimes  be  present  alone  in  the  blood  of 
infants  for  a  period  preceding  the  development  of  either 
agglutinogen  a  or  agglutinogen  b.  If  this  is  true,  such  a 
blood  might  be  used  for  the  demonstration  of  agglutinin 
G  in  other  bloods. 

Until  one  has  discovered  test  bloods  containing  only 
agglutinin  G  or  its  corresponding  agglutinogen,  however, 
the  question  may  be  approached  by  a  method  less  direct 
but  equally  decisive. 

In  Section  III,  4,  we  have  shown  that  bloods  ordinarily 
assigned  to  Group  II  but  having  the  formula  A — be  are 
not  very  infrequent,  as  we  found  13  in  testing  the  bloods 
of  142  persons  (9  per  cent).  We  may  estimate  that  about 
40  per  cent  of  the  142  bloods  would  be  classified  under 
Group  II,  and  so  may  assume  that  in  every  4  or  5  bloods 
considered  as  belonging  to  this  group,  one  of  them  is 
likely  to  have  the  formula  A — be. 

In  Section  III,  3,  avc  have  shoAvn  that  certain  bloods 
ordinarily  assigned  to  Group  IV,  have  the  formula  ABG 
— o.  From  our  OAvn  work  we  cannot  say  whether  bloods 
with  this  formula  are  more  common  than  those  with  the 


April,  1923] 


JOHNS  HOPKINS  HOSPITAL  BULLETIN 


133 


traditional  formula,  AB — o,  but  information  gleaned 
from  the  tables  published  by  Jansky  leads  us  to  believe 
that  they  are,  inasmuch  as  all  of  the  12  sera  which  he 
assigned  to  Group  IV  (Jansky  Gr.  I)  agglutinate  the 
cells  of  the  patient  No.  7G27-S.J.  (see  Sect.  VII,  I). 

The  accepted  Groups  II  and  IV  are  the  common  groups, 
including  together  about  83-85  per  cent  of  persons  in  this 
part  of  the  world.*  Accordingly  bloods  containing  ag¬ 
glutinin  G  (in  addition  to  other  agglutinins),  and  other 
bloods  containing  agglutinogen  c  (in  addition  to  another 
agglutinogen),  should  not  be  difficult  to  find. 

For  the  actual  procedure  we  suggest  that  20  bloods 
be  selected,  15  of  them  representing  Group  II  and  the 
others  Group  IV.  Absorb  the  serum  from  one  of  the  mem¬ 
bers  of  Group  IV  with  red  cells  from  one  of  the  members 
of  Group  II,  and  then  test  the  absorbed  serum  against 
fresh  cells  from  each  of  the  15  members  of  Group  II.  If 
this  is  not  successful  in  differentiating  the  various  Group 
II  bloods  into  two  types,  absorb  serum  from  the  same 
Group  IV  blood  with  cells  from  another  member  of  Group 
II,  and  so  on  through  the  entire  list.  One  may  then  begin 
afresh  with  another  Group  IV  serum,  repeating  the  pro¬ 
cedure  until  a  serum  is  found  which  will  completely  ag¬ 
glutinate  the  corpuscles  of  a  person  apparently  belonging 
to  Group  II,  after  that  serum  has  been  entirely  deprived 
of  agglutinins  for  the  corpuscles  of  other  persons  classi¬ 
fied  in  same  group.  When  such  a  Group  IV  serum  is 
found,  it  may  also  be  deprived  of  all  but  agglutinin  C 
by  absorption  with  the  cells  of  Group  III,  which  will 
remove  agglutinin  A.  This  univalent  serum  may  then 
be  used  for  detecting  the  presence  of  agglutinogen  c  in 
other  bloods. 

The  two  types  of  Group  II  cells  (A — 6  and  A — be) 
may  likewise  be  used  in  the  demonstration  of  agglutinin 
C.  Any  serum  which  agglutinates  cells  of  the  second 
type  and  not  the  first,  contains  agglutinin  C  but  not  ag¬ 
glutinin  B.  Any  serum  which  agglutinates  cells  of  both 
types,  but  which  after  absorption  with  the  first  type 
agglutinates  only  the  second,  contains  both  agglutinin  B 
and  agglutinin  G. 

With  these  test  bloods  the  presence  of  agglutinin  G 
and  its  corresponding  agglutinogen  may  be  demonstra¬ 
ted,  and  the  information  thus  gained  used  to  supplement 
the  knowledge  obtained  by  other  means  previously  out¬ 
lined  for  the  detection  of  agglutinins  A  and  B  and  their 
corresponding  agglutinogens.  Thus  any  of  the  27  com¬ 
binations  of  3  agglutinins  and  3  agglutinogens  shown  in 
Table  XXIII  may  be  identified. 

With  these  test  bloods  also  the  search  for  sera  contain¬ 
ing  only  agglutinin  C  or  red  cells  containing  only  agglu¬ 
tinogen  c,  will  be  greatly  simplified.  The  fortunate 

*  The  work  of  Liu  and  Wang,31  Cabrera  and  Wade,32  and  the 
Hirschfelds,33  seems  to  indicate  that  the  relative  frequency  of  the 
four  accepted  groups  varies  somewhat — perhaps  considerably — 
in  various  races  (not  nations)  of  mankind. 


finder  of  two  such  bloods  has  at  his  disposal  means  for 
ready  recognition  and  classification  of  bloods  represent¬ 
ing  any  one  of  the  27  combinations  mentioned  above.  In 
addition  to  the  serum  containing  G  and  the  cells  contain¬ 
ing  c,  there  are  needed  two  test  bloods  “known”  to  have 
the  formulae  A — b  and  B — a,  in  other  words,  a  real 
Group  II  and  a  real  Group  III.  An  unknown  blood  may 
be  classified  as  representing  one  or  other  of  these  27  com¬ 
binations  if  tested  against  these  3  sera  ( A ,  B,  and  G)  and 
these  3  types  of  cells  (a,  b,  and  c).  The  results  which 
would  be  obtained  under  these  conditions  require  no 
table  to  make  them  clear.  Agglutination  of  the  unknown 
red  cells  b}^  any  of  the  3  sera  would  indicate  the  pres 
ence  of  the  corresponding  agglutinogen  in  those  cells ; 
agglutination  of  any  of  the  3  types  of  red  cells  by  the 
unknown  serum  would  indicate  the  presence  of  the  cor¬ 
responding  agglutinin  in  the  unknown  serum. 

4.  Summary  of  procedure  outlined. 

The  procedure  recommended  for  the  study  and  classi¬ 
fication  of  isoagglutinin  groups  may  be  summarized 
briefly : 

First,  careful  selection  and  use  of  test  bloods,  invol¬ 
ving  : 

(а)  A  knowledge  of  their  agglutinin  and  agglutinogen 
content. 

(б)  The  use  of  fresh  cells  and  fresh  sera,  if  possible. 

(c)  The  use  of  cells  known  to  be  readily  agglutinable 

and  of  sera  having  good  agglutinative  strength  at  the 
time  they  are  used. 

Second,  cross-agglutination  of  the  unknown  blood  with  : 

(a)  Cells  and  serum  of  a  blood  having  the  formula 
A — b. 

(b)  Cells  and  serum  of  a  blood  having  the  formula 
B—a. 

(c)  Serum  containingg  only  agglutinin  G. 

(d)  Cells  containing  only  agglutinogen  c. 

X.  Comment 

If  our  theme  has  been  developed  intelligibly,  it  will 
perhaps  be  evident  to  some  that  the  classification  of 
blood  groups  is  not  so  simple,  nor  the  number  of  groups 
so  limited  as  has  been  generally  believed.  Presentation 
of  what  we  believe  to  be  facts  can  be  the  only  justifica¬ 
tion  for  adding  any  complexity  to  a  subject  already  ex¬ 
plained  to  the  satisfaction  of  a  great  many  workers.  The 
utility  of  blood  grouping  has  been  demonstrated  by  prac¬ 
tical  experience,  but  in  our  opinion  its  value  might  be 
considerably  enhanced  by  more  thorough  knowledge  of 
the  actual  agglutinin  and  agglutinogen  content  of  the 
individual  bloods.  Entire  elimination  of  isoagglutina- 
tion,  as  a  cause  of  post-transfusion  reactions,  would  per¬ 
mit  a  more  accurate  evaluation  of  the  other  factors 
involved;  this  in  turn  we  might  confidently  expect  to  be 
productive  of  improvements  in  technic  that  would  de¬ 
crease  the  undesirable  results  without  detracting  from 
the  beneficial  effect  of  intravenous  administration  of  blood. 
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In  this  work  we  have  examined  blood  from  200  persons 
during  a  period  of  three  months,  but  the  specimens  from 
certain  individuals  were  studied  much  more  intensively 
than  those  from  others.  With  the  blood  from  these  200 
persons  we  have  performed  1282  macroscopic  and  3570 
microscopic  tests,  4852  in  all,  of  which  we  have  records. 
This  forms  the  basis  of  our  report,  but  we  do  not  consider 
it  complete, — much  remains  to  be  done.  It  is  published 
in  the  present  unfinished  state  in  the  hope  that  others 
working  in  the  same  field  may  be  induced  to  undertake 
experiments  of  a  similar  nature  calculated  to  disprove  or 
substantiate  our  work.  Our  object  will  have  been  par¬ 
tially  accomplished  if  we  succeed  in  calling  attention  to 
the  fact  that  much  remains  to  be  learned  concerning 
isoagglutination  in  human  blood. 

XI.  Summary  and  Conclusions 

The  points  which  have  impressed  us  in  this  work  may 
be  stated  briefly. 

1.  The  methods  generally  employed  for  blood  grouping 
are  based  upon  the  assumption  that  there  are  only  four 
isoagglutinin  groups,  and  that  the  blood  of  every  human 
being  belongs  in  one  of  these  groups.  The  tests  based 
on  this  assumption  are  so  devised  as  to  cause  each  blood 
tested  to  fall  into  one  or  other  of  these  four  groups,  thus 
serving  to  perpetuate  a  belief  which  no  one  has  seriously 
questioned. 

2.  We  have  presented  evidence  that  the  popular  belief 
concerning  the  existence  of  four  and  only  four  isoagglu 
tinin  groups  is  incorrect. 

3.  The  presence  of  only  two  isoagglutinins  and  two 
isoagglutinogens  in  human  blood  is  inadequate  to  explain 
our  findings. 

4.  By  direct  tests  and  by  absorption  experiments,  the 
existence  of  a  third  isoagglutinin  and  a  third  isoagglutin¬ 
ogen  has  been  demonstrated.  Although  recognizing  the 
possibility  that  there  may  be  still  other  isoagglutinins 
and  isoagglutinogens  in  human  blood,  we  have  found 
nothing  thus  far  to  indicate  their  existence;  our  obser¬ 
vations  have  shown,  however,  that  there  are  at  least  three 
of  each. 

5.  With  three  isoagglutinins  and  three  isoagglutin¬ 
ogens  there  are  27  combinations  biologically  possible. 

6.  We  have  found  bloods  corresponding  to  8  of  these 
combinations,  and  by  citations  from  the  literature  have 
indicated  the  probable  existence  of  a  number  of  others. 

7.  Some  of  these  combinations  are  undoubtedly  more 
common  than  others;  some  may  be  excessively  rare; 
others  may  not  occur  at  all;  it  may  not  be  possible  to 
prove  the  existence  of  all  of  them. 

8.  We  believe  that  these  findings  have  a  bearing  of  prac¬ 
tical  importance  upon  transfusion  and  furnish  a  plaus¬ 
ible  explanation  for  some  of  the  hitherto  unexplained 
post-transfusion  reactions. 


9.  Allowance  has  been  made  for  the  possible  occurrence 
of  autoagglutination,  which  we  believe  has  not  been  a 
complicating  factor  in  our  results. 

10.  The  grouping  of  bloods  should  be  determined  on  a 
basis  of  their  agglutinin-agglutinogen  content. 

11.  Only  bloods  with  the  same  agglutinin-agglutinogen 
content  belong  to  the  same  group. 

12.  Methods  for  the  classification  of  blood  groups  have 
been  suggested. 

#  #  # 

It  is  a  pleasure  to  acknowledge  our  indebtedness  to  the 
Reverend  Joseph  F.  Sofka,  C.Ss.R.,  of  St.  Wenceslaus 
Church,  Baltimore,  for  assistance  in  the  translation  of 
the  report  by  Jansky.  We  also  desire  to  express  our 
appreciation  to  those  persons— patients,  medical  students 
and  physicians — who  so  obligingly  contributed  specimens 
of  blood — many  of  them  repeatedly — and  thereby  made 
our  investigations  possible. 
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JOSEPH  R.  DeLAMAR 

By  William  J.  Curtis,  New  York  City 


Joseph  R.  DeLamar,  whose  magnificent  bequest  to  The 
Johns  Hopkins  University  has  made  possible  so  much  that 
otherwise  coukl  not  have  been  undertaken  in  connection 
with  the  medical  work  of  the  institution,  was  born  at 
Amsterdam,  Holland,  September  2,  1843.  His  father,  a 
banker  in  Amsterdam,  was  of  French  origin,  his  mother 
Dutch.  His  father  died  when  he  was  six  years  old.  The 
boy  seemed  to  have  an  uncontrollable  love  of  adventure, 
and  after  his  father’s  death  he  stowed  himself  aboard  a 
Dutch  vessel  bound  for  the  West  Indies.  When  the  young 
stowaway  was  discovered,  he  was  put  to  work  as  assistant 
cook  without  wages.  He  later  worked  as  a  seaman  until 
he  was  twenty  years  of  age,  and  shortly  after  received  a 
captain’s  command.  He  followed  the  sea  for  a  number 
of  years  and  visited  almost  every  part  of  the  world. 

After  the  Civil  War  he  conceived  the  idea  that  there 
was  a  substantial  profit  in  wrecking  and  submarine  work, 
which  at  that  time  offered  large  returns.  He  then  aban¬ 
doned  the  sea  and  entered  upon  the  business  of  salvaging 
vessels,  with  headquarters  at  Vineyard  Haven,  Massa¬ 
chusetts,  and  operated  along  the  entire  coast  to  the  West 
Indies.  He  was  very  successful  in  some  of  these  under¬ 
takings.  In  1872  he  raised  the  “Charlotte,”  a  transatlan¬ 
tic  steamship  loaded  with  Italian  marble  that  had 
foundered  off  the  Bermudas,  thus  accomplishing  a  result 
which  had  baffled  the  attempts  of  other  wrecking  com 


panies.  In  this  business  he  nearly  lost  his  life  in  his 
personal  attempt  to  examine  the  damage  to  the  steamer 
“William  Tibbitts,”  wrecked  off  Martha’s  Vineyard.  In 
order  to  make  this  investigation  it  was  necessary  for  him 
to  put  on  a  diving  suit.  For  some  unexplained  reason  he 
was  imprisoned  under  water  for  a  long  time.  This  exper¬ 
ience  led  him  to  abandon  the  business. 

It  was  about  this  time,  as  he  informed  the  writer,  that 
he  conceived  the  idea  of  salvaging  anchors  that  had  been 
cast  away  and  lost  in  Vineyard  Haven  Sound.  As  every¬ 
one  familiar  with  shipping  knows,  the  waters  in  this 
locality  are  very  shallow,  the  currents  swift  and  the 
winter  wrecks  very  numerous.  The  Captain,  as  he  was 
invariably  called  in  after  life,  knew  that  there  were 
countless  anchors  in  the  shallow  waters  of  the  Sound,  and 
he  rigged  up  a  schooner  having  a  large  and  powerful  mag¬ 
net  which  he  could  throw  from  the  stern  and  drag  on  the 
bottom.  He  then  allowed  the  schooner  to  drift  about  the 
Sound,  and  when  the  magnet  would  indicate  the  presence 
of  an  anchor,  it  would  be  buoyed  and  subsequently  taken 
aboard.  In  this  way  he  succeeded  in  collecting  a  load  of 
anchors,  which  he  sold  for  a  substantial  sum  of  money. 

He  was  also,  at  one  time,  engaged  in  trade  in  Africa. 
Operations  by  trading  companies  were  then  chiefly  con¬ 
fined  to  the  coast,  most  of  the  merchandise  being  brought 
from  the  interior  to  the  coast  on  the  shoulders  of  negroes, 
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Captain  DeLamar  decided  to  do  trading  in  the  interior. 
He  equipped  his  company  with  a  small  cannon,  a  dozen 
blunderbusses,  rifles  and  ammunition.  He  pushed  into 
the  interior  as  far  as  the  depth  of  the  rivers  would  per¬ 
mit,  exercising  constant  vigilance  to  prevent  attacks  from 
hostile  tribes.  This  venture  was  crowned  Avith  financial 
success.  He  traded  principally  on  the  Gambia  and  Great 
Jeba  rivers.  After  three  successful  years  he  gave  up  this 
trade  on  account  of  the  climate.  Many  of  his  crew  died 
every  year  of  various  tropical  diseases.  He  sold  his  out¬ 
fit  and  business  to  an  English  company. 

It  was  in  1878  that  he  conceived  the  idea  of  going  into 
the  mining  business.  He  had  accumulated  a  little  money 
which  he  thought  he  could  use  to  the  best  advantage  in 
this  way.  He  thereupon  started  for  the  West  when  the 
silver  fever  broke  out  in  Leadville,  Colorado,  and  visited 
a  number  of  mines  with  a  view  of  learning  something 
about  the  mining  business.  He  soon  found  that  a  mere 
inspection  of  mines  and  methods  of  mining  would  not 
prove  of  very  great  advantage  to  him  if  he  were  to  pursue 
the  mining  business.  At  that  time  there  was  a  mineral¬ 
ogist  and  geologist  of  some  note  in  Chicago  who  was  well 
known  among  the  mining  profession,  and  who  devoted  a 
part  of  his  time  to  teaching.  Captain  DeLamar  went  to 
Chicago  and  asked  him  how  long  it  would  take  him  to 
teach  him  enough  geology  and  mineralogy  to  enable  him 
to  recognize  mineral-bearing  rocks  and  also  to  make  his 
own  assays  and  analyses.  The  professor  told  him  that 
the  course  was  two  years  of  a  number  of  months  each 
year.  The  Captain  was  impatient  at  the  length  of  time 
required  to  instruct  him  and  asked  at  once  “Can’t  you 
complete  my  course  in  one  year?”  The  Professor  replied  : 
“I  can,  if  you  will  do  the  work.”  He  said :  “I  will  do  the 
work  and  give  you  double  pay.”  Which  he  did. 

At  the  end  of  the  year  the  Captain  again  proceeded  to 
the  West  to  pursue  his  intention  of  entering  upon  the 
mining  business.  While  riding  through  the  mountains  he 
came  across  a  number  of  miners  who  were  engaged  in 
developing  a  prospect.  The  Captain  saw  the  ore  on  the 
dump  and  asked  the  men  what  they  had.  They  professed 
ignorance  of  the  mineral  and  of  its  value.  The  Captain 
recognized  the  ore  as  being  similar  to  one  of  the  samples 
that  he  had  seen  in  the  office  of  his  teacher  in  Chicago, 
and  that  it  was  probably  a  valuable  lead  ore.  He  asked 
for  a  sample  and  took  it  across  the  mountain,  made  a 
little  crucible  of  sand,  smelted  the  ore  and  found,  when 
he  was  through,  that  he  had  a  very  rich  specimen  of  lead 
ore.  He  returned  in  a  few  days  to  the  prospectors  and 
bought  their  claim,  which  he  developed  and  sold  for  a  very 
substantial  sum  of  money,  thus  laying  the  foundation  for 
his  subsequent  large  fortune. 

He  later  discovered  a  vein  of  very  rich  gold  and  silver 
ore  near  Silver  City,  Idaho.  This  he  developed  very  ex¬ 
tensively  before  undertaking  to  sell  the  mine.  It  was  due 
to  his  previous  study  at  Chicago  that  he  was  able  to 


recognize  the  great  value  of  these  ores.  From  this  partic¬ 
ular  venture  he  made  a  profit  of  several  million  dollars. 

From  this  time  on  throughout  his  life  he  was  constantly 
interested  in  mines.  The  DeLamar-Mercur  Mine  of  Utah 
was  a  development  of  his;  also  the  DeLainar-Nevada 
Mine.  The  Nipissing  Mines  were  at  one  time  under  his 
control  and,  as  almost  everyone  knows,  he  was  the  one 
particularly  responsible  for  the  great  development  of  the 
richest  nickel  mine  in  the  world,  now  owned  by  the 
International  Nickel  Company.  It  was  he  who  first  rec¬ 
ognized  the  possibility  of  large  mining  profits  from  low 
grade  ores.  He  believed  that  many  mines  of  low  grade 
ores,  then  considered  unprofitable  to  work,  would  pay  if 
the  production  were  large.  He  thereupon  developed 
mines  of  this  character,  opening  up  and  treating  large 
quantities  of  ores  per  day,  so  that  production  was  in  large 
amounts.  While  the  profit  per  ton  was  small,  the  quan¬ 
tity  production  yielded  large  profits.  It  was  the  principle 
of  quantity  production  first  applied  to  mining  and  in  this 
he  was  a  pioneer  in  the  mining  world. 

The  Captain’s  business  career  was  characterized  by 
great  self-reliance,  courage  and  sagacity ;  but  his  interests 
were  not  wholly  confined  to  business  and  financial  enter¬ 
prises.  His  origin  indicated  his  character,  which  was  in¬ 
fluenced  both  by  his  father  and  mother.  To  his  father 
may  perhaps  be  attributed  his  very  decided  artistic  in¬ 
stincts  and  tastes.  He  was  exceptionally  fond  of  music 
and  greatly  enjoyed  playing  the  beautiful  organ  in  his 
own  home.  He  also  was  at  one  time  a  skilful  player  of 
the  violin.  His  chief  interest  in  the  latter  years  of  his 
life  was  in  the  development  of  his  country  place  on  Long 
Island,  where  he  made  a  wonderful  collection  of  rare 
plants  and  flowers.  His  fondness  for  beautiful  trees  was 
displayed  by  his  attention  to  arboriculture.  So  interested 
was  he  in  this  that  he  would  purchase  a  full-grown  and 
beautiful  tree  almost  anywhere  he  could  find  it  and  pay 
any  price  that  might  be  asked  for  it.  In  the  later  years 
of  his  life  he  also  developed  a  decided  taste  for  art  in  the 
form  of  paintings  and  sculpture.  In  the  collection  of 
these  his  taste  was  catholic.  His  residence  in  New  York 
was  filled  with  objects  of  art  of  all  kinds  and  descriptions, 
many  of  them  of  great  value. 

In  1891,  while  living  in  Idaho,  he  served  as  a  State 
Senator  in  the  first  Legislature  of  that  State.  He  was 
offered  the  United  States  Senatorship,  which,  however, 
he  did  not  accept. 

Captain  DeLamar  died  in  the  City  of  New  York,  Decem¬ 
ber  1,  1918,  and  after  providing  under  his  will  for  his 
daughter  and  only  child,  Miss  Alice  Antoinette  DeLamar,  . 
made  Harvard  University,  Columbia  University,  and  The 
Johns  Hopkins  University  his  residuary  legatees.  The 
provisions  of  his  will  affecting  the  use  of  the  legacies  to 
the  residuary  legatees  are  remarkable  for  broadminded¬ 
ness  and  wisdom,  and  for  the  confidence  which  they 
repose  in  the  beneficiaries  of  his  bounty.  The  purposes  to 
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which  his  legacies  are  to  be  put  and  the  methods  which 
the  legatees  may  adopt  in  realizing  those  purposes  are 
set  forth  in  his  will  as  follows : 

“To  provide  for  the  study  and  teaching  of  the  origin  of  human 
disease  and  the  prevention  thereof,  and  for  the  study  and  teach¬ 
ing  of  dietetics  and  of  the  effect  of  different  foods  and  diets  on 
the  human  system  and  how  to  conserve  health  by  proper  food  and 
diet;  and  in  connection  with  the  foregoing  purposes  to  establish 
and  maintain  professorships,  instructorships,  scholarships  and 
fellowships:  to  construct,  maintain  and  equip  laboratories,  clin¬ 
ics,  dispensaries  and  other  places  for  such  study  and  research  and 
to  provide  for  the  proper  housing  of  the  same:  to  publish  and 
disseminate  the  results  of  such  study  and  research  not  only  in 
scientific  journals  and  for  physicians  and  scientists,  but,  also,  and 
this  I  do  especially  enjoin  on  said  legatees,  by  popular  publica¬ 
tions,  public  lectures  and  other  appropriate  methods  to  give  to 
the  people  of  the  United  States  generally  the  benefits  of  increased 
knowledge  concerning  the  prevention  of  sickness  and  disease  and 
also  concerning  the  conservation  of  health  by  proper  food  and 
diet. 

“In  aid  of  the  foregoing  purposes  the  said  beneficiaries  may 
respectively  use  anj-  means  which  from  time  to  time  shall  to 
them,  respectively,  seem  expedient,  including  research,  publica¬ 
tion,  education,  the  establishment  and  maintenance  of  charitable, 
educational  or  benevolent  activities,  agencies  or  institutions 
appropriate  thereto  and  the  aid  of  any  other  such  activities, 


agencies  or  institutions  already  established  or  which  may  here¬ 
after  be  established. 

“It  is  my  hope  that  my  said  residuary  legatees  will  be  able  to 
keep  the  principal  of  the  bequest  to  them  severally  made  intact 
and  that  they  will  be  able  by  the  proper  investment  thereof  to 
accomplish  the  foregoing  purposes  by  the  use  of  the  income  there¬ 
from,  but  I  do  not  place  any  limitations  on  their  right  to  use  the 
principal  of  such  bequests  for  the  purposes  above  named,  should 
they  or  any  of  them  desire  to  use  the  principal  of  the  same  for 
such  purpose  or  purposes.” 

The  universities  to  which  his  gifts  were  made  have  up 
to  the  present  time  each  received  $3,528,000.  Few  indi¬ 
viduals  in  this  or  any  other  country  have  made  such  mu- 
nificient  bequests  to  medical  education  as  did  the  late 
Captain  DeLamar.  Not  many  benefactors  of  education 
of  any  sort  have  shown  the  wisdom  he  exhibited  in  reliev¬ 
ing  his  beneficiaries  from  hampering  restrictions,  which 
sometimes  so  limit  the  freedom  of  action  of  those  en¬ 
trusted  with  the  administration  of  such  bequests  and  con¬ 
sequently  diminish  the  possibility  of  efficient  action. 

Captain  DeLamar’s  name  will  not  only  forever  be  as¬ 
sociated  with  The  Johns  Hopkins  University,  it  will  also 
figure  always  as  that  of  one  who  has  contributed  in  an 
extraordinary  measure  to  the  promotion  of  scientific 
medicine  in  the  United  States. 
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8°.  248  pages. 

The  Diseases  of  Children.  Medical  and  Surgical.  By  The  late 
Henry  Ashby,  M.D.  (Lond.),  F.R.C.P.  and  The  late  G.  A. 
Wright,  B.A.,  M.B.  (Oxon.),  F.R.C.S.  Revised  by  Hugh  T. 
Ashby,  B.A.,  M.D.  (Camb.),  M.R.C.P.  (Lond.)  and  Charles 
Roberts,  M.B.,  B.S.  (Lond.),  F.R.C.S.  Sixth  edition,  thor¬ 
oughly  revised  and  rewritten.  1922,  8°.  769  pages. 


NOTES  ON  NEW  BOOKS 


The  Anatomy  of  The  Human  Orbit  and  Accessory  Organs  of 
Vision.  By  S.  Ernest  Whitnall.  ( London ,  Henry  Frowde,  & 
Hodder  c£-  Stoughton r  1921.) 

This  Oxford  Medical  publication  represents  what  is  probably 
the  most  masterly  and  scholarly  presentation  of  this  subject 
which  has  yet  been  made.  The  book  is  divided  into  four  sections 
dealing  with  osteology,  the  eyelids,  the  contents  of  the  orbit  and 
ophthalmic  neurology.  The  first  three  sections  are  the  most  val¬ 
uable.  The  illustrations  of  actual  anatomical  preparations  are 
profuse,  well  chosen,  and  amazingly  clear — a  truly  remarkable 
collection  of  photographs.  A  comprehensive  bibliography  is 
given. 

The  book  will  not  only  be  of  interest  to  the  anatomist,  but  for 
the  clinical  ophthalmologist  will  fill  a  long  felt  need  and  be  an 
invaluable  reference  work.  It  should  be  in  the  library  of  every 
ophthalmologist.  A.  C.  W. 

Morris's  Human  Anatomy.  Edited  by  C.  M.  Jackson.  Sixth 
Edition.  1921.  $10.00.  ( Philadelphia ,  P.  Bfakiston's  Son 

&  Co.) 

The  sixth  edition  of  Morris’s  Human  Anatomy  (the  second  to 
appear  under  the  direction  of  C.  M.  Jackson)  maintains  the  type 
of  previous  editions.  Without  great  brilliance  in  any  part,  it  is 
perhaps  the  most  usable  of  current  text-books  for  American  stu¬ 
dents,  the  one  in  which  more  than  in  any  other  there  is  a  gleam 
of  modern  analytical,  functional  anatomy.  This  character  was 
already  assumed  by  previous  editions,  and  the  sixth  is  not  greatly 
changed,  except  in  details,  though  there  have  been  many  shifts  in 
the  personnel  of  the  contributors.  Richard  Scammon  has  con¬ 
tributed  a  new  chapter  on  Developmental  Anatomy,  which  com¬ 
prises  a  clear  review  of  the  main  facts  of  human  embryology  and 
a  resume  of  recent  work  on  the  growth  of  parts  and  organs. 
The  older  chapter  on  skin  and  ductless  glands  has  been  divided; 
the  skin  and  mammary  glands  are  now  described  by  C.  R.  Stock- 
ard,  in  a  sound  account,  however  strange  it  may  seem  to  find  him 
cramped  to  the  routine  style  of  a  text-book.  J.  F.  Gudernatsch 
has  revised  the  section  of  ductless  glands.  R.  J.  Terry  has  taken 
over  the  chapter  on  osteology  from  Peter  Thompson,  and  that  on 
the  articulations  from  Wood  Jones.  His  revision  includes  the 
use  of  some  good  radiographs.  Dean  Lewis  now  has  the 
clinical  and  topographical  anatomy;  Elliott  Smith,  now  the  only 


English  contributor,  has  done  the  special  sense  organs,  and  A.  C. 
Eycleshymer  the  urogenital  system.  J.  Parsons  Schaeffer  has 
revised  the  respiratory  organs  in  the  light  of  his  long  experience 
in  teaching  this  field.  One  is  glad  to  find  the  other  chapters 
(digestive  organs,  lymphatic  system,  nervous  system,  blood-ves¬ 
sels,  and  muscles,)  in  the  same  competent  hands  as  in  the  pre¬ 
vious  edition. 

On  the  whole,  one  would  like  to  find  the  contributors  a  little 
more  free  from  the  traditional  mode  of  such  works,  and  to  see, 
at  least,  some  of  the  pontes  asinorum  of  anatomy  (i.  e.,  the 
development  of  the  peritoneum,  collateral  circulation,  the  pelvic 
fascias,  etc.,)  so  treated  as  to  combine  sound  embryology  and 
physiology  with  a  truly  graphic  exposition;  but  a  thorough  crit¬ 
icism  on  this  point  would  involve  a  discussion  of  the  whole  plan 
of  anatomical  text-books.  Teacher  and  student  will  at  least 
find  this  book  a  safe  and  conscientious  reference  work  for  the 
dissecting  room.  The  illustrations  remain  a  queer  mixture  of 
ancient  and  modern,  and  the  printers  have  assailed  the  reader’s 
eye  with  an  incredible  crudeness  of  color.  G.  W.  C. 

The  Healthy  Child  from  Two  to  Seven  Years.  By  Francis  Hamil¬ 
ton  MaoCarthy,  M.  D.,  Assistant  Professor  of  Diseases  of 
Children,  Boston  University.  ( New  York,  The  Macmillan 
Company,  1922.) 

This  is  an  easily  readable  volume  which  has  been  published  for 
the  use  of  parents,  nurses  and  workers  for  Child  Welfare. 

The  author  deals  in  an  intelligent  way  with  the  dietary  and 
hygienic  control  of  the  small  child.  He  discusses  the  psychology 
of  relationship  between  parent  and  child  and  offers  many  good 
suggestions. 

In  the  last  two  chapters  he  gives  a  short  review  of  the  infec¬ 
tious  diseases  and  minor  ailments  of  childhood  and.  offers  a  few 
simple  remedies. 

This  book  should  be  of  use  in  the  field  to  which  it  is  assigned. 

J.  H.  B. 

Brain  Abscess.  Its  surgical  pathology  and  operative  technic.  By 
Wells  P.  Eagleton,  M.D.  (New  York,  The  Macmillan  Co., 
1922.) 

Following  a  brief  introduction  pointing  to  the  importance  of  a 
thorough  clinical  examination  in  any  case  of  probable  brain 
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abscess,  the  author  gives  a  very  short  general  review  of  the 
methods  used  in  intracranial  operations,  without  paying  marked 
attention  to  the  special  features  in  suppurative  processes 
within  the  cranium.  These,  however,  are  dealt  with  in 
the  chapter  on  abscesses  in  the  different  fossae.  Etiology 
and  clinical  picture  of  abscesses  in  the  anterior,  middle 
and  posterior  fossa,  together  with  the  technic  advisable  in  the 
different  regions  of  the  brain,  are  described  very  exhaustively, 
extensive  use  being  made  of  the  observations  laid  down  in  the 
current  world  literature  and  of  an  extensive  personal  experi¬ 
ence.  An  accurate  account  of  the  surgical  pathology  in  these 
cases,  which  forms  the  scaffold  for  any  clinical  differentiation 
renders  the  picture  much  more  vivid.  Detailed  histories  of  cases 
give  a  good  illustration  of  the  characteristics  in  the  different 
localizations  of  abscesses.  In  abscesses  of  the  middle  fossa  the 
author,  contrary  to  the  generally  accepted  method,  uses  skin- 
bone-flap  with  an  upper  basis,  instead  of  taking  the  bridge  with 
the  blood  supply  from  the  lower,  temporal  angle,  which  he  uti¬ 
lizes  for  the  dural  flap.  By  using  this  method  the  danger  of 
necrosis  in  the  borders  of  the  skin-flap  becomes  greater.  The 
difficulty  encountered  in  any  case  of  brain  abscess  is  to  give  a 
free  drainage  of  the  cavity  for  a  sufficient  length  of  time.  The 
use  of  glass  or  rubber  tubing  is  ineffective  for  the  drainage  and 
injurious  to  the  brain  substance.  The  brain  tissue  bulging  for¬ 
ward  into  the  place  of  decompression,  the  tube  becomes  buried  in 
brain  tissue.  The  collapse  of  the  cavity  leads  to  the  formation  of 
multiple,  small  abscesses.  This  is  counteracted  by  using  elder 
tubes  with  a  hollow  center,  which  will  work  their  way  out  gradu¬ 
ally  without  injuring  the  brain-substance.  When  a  gauze  packing 
is  employed,  the  drainage  of  the  cavity  is  restricted  to  a  period 
of  hours,  a  time  too  short  to  sterilize  it,  so  that  this  technic  is 
very  often  followed  by  multiple  abscess  formation. 

For  the  understanding  of  the  special  features  of  abscesses  in 
the  different  fossae  it  would  be  much  better  if  part  III  with  the 
lucid  summary  of  all  data  in  surgical  diagnosis  of  brain  abscesses 
preceded  the  second  chapter  with  the  detailed  surgical  path¬ 
ology  and  the  suitable  technic. 

Two  appendices  with  an  analysis  of  140  reported  cases  of 
frontal  lobe  abscesses  and  125  necropsy  findings  of  cerebellar 
abscesses  are  of  inestimable  value  for  the  study  of  the  vari¬ 
ability  of  the  clinical  picture  and  the  great  variety  of  complica¬ 
tions,  which  occur  in  the  post-operative  course  and  often 
jeopardize  the  final  result.  K.  S. 

A  Treatise  on  Fractures  in  General,  Industrial  and  Military 
Practice.  By  John  B.  Roberts,  A.  M.,  M.D.,  F.A.C.S.  and 
James  A.  Kelly,  A.M.,  M.D.  Second  Edition,  revised  and  en¬ 
tirely  reset.  (Philadelphia  and  London,  J.  B.  Lippincott  and 
Company.) 

One  needs  only  a  glance  over  the  preface  to  be  convinced  that 
the  authors  have  given  a  great  deal  of  time  and  thought  to  their 
subject.  Throughout  the  book  one  is  impressed  with  the  fact 
that  there  is  no  one  and  only  method  of  handling  fractures,  but 
that  the  problem  or  problems  presented  in  each  case  have  many 
phases,  and  may  be  interpreted  differently  by  different  surgeons; 
that  no  two  fractures,  even  though  they  may  appear  very  similar, 
will  necessarily  yield  to  one  and  the  same  method  of  treatment. 

The  old  principles  that  have  held  their  own  through  years  of 
applications  have  been  happily  blended  by  the  authors  with 
about  all  that  has  proven  worthy  among  the  new  discoveries  or 


contributions,  as  well  as  with  a  great  many  valuable  methods 
long  forgotten,  but  recently  revived. 

Too  often  it  happens  that  fractures  are  looked  upon  as  a  solu¬ 
tion  of  the  continuity  of  bone  and  that  only.  The  fact  that 
there  is  a  solution  of  continuity  of  a  great  many  other  structures 
is  not  always  as  obvious  as  most  writers  on  the  subject  of  frac¬ 
tures  seem  to  imply.  Of  course,  it  may  be  clear  in  their  own 
minds,  but  text-books  are  not  written  for  the  sole  benefit  of 
authors.  Our  authors  have  dealt  with  this  phase  of  the  question 
from  the  standpoint  of  diagnosis  and  treatment  with  unusual 
clarity  of  vision. 

Chapters  I  and  III  under. the  heading  of  “General  Considera¬ 
tions,”  are  very  expressive.  Followed  intelligently  they  should 
prevent  many  surgical  disasters. 

In  popularizing  early  active  and  passive  motion  even  to  the 
point  of  removing  splints  carefully  for  that  purpose  and  reap¬ 
plying  them,  using  care  not  to  disturb  fragments  and  guarding 
against  undue  tension  when  they  are  reapplied,  the  authors  are 
contributing  to  a  more  rapid  convalescence  not  only  for  the 
bone,  but  for  the  soft  parts  as  well. 

Not  a  few  surgeons  will  refuse  to  subscribe  to  the  statement 
that  “While  infection  of  bones  is  a  serious  condition,  it 
should  not  follow  a  properly  performed  operation  in  the  case 
of  fractures  any  more  frequently  than  after  abdominal  opera¬ 
tions  or  procedures  on  other  structures.” 

Although  this  attitude  may  be  safe  for  the  authors  or  for  others 
equally  skilled  in  the  handling  of  fractures,  it  might  lead  one  of 
less  experience,  but  whose  zeal  exceeds  his  discretion,  to  under¬ 
take  the  open  method  in  the  treatment  of  fractures  when  in  his 
hands  the  closed  method  would  be  far  safer.  In  spite  of  the 
statement,  however,  the  authors  give  such  well  balanced  reason¬ 
ing  for  the  selection  of  fractures  to  be  treated  by  the  open  method 
and  those  by  the  closed  method  that  no  one  should  be  misled. 

In  this  volume  the  authors  have  covered  the  fields  thoroughly; 
they  have  included  practically  all  that  seems  valuable  among  the 
new  contributions;  they  have  presented  the  subject  briefly, 
though  clearly,  in  a  very  convenient,  attractive  and  readable 
form.  They  have  confirmed  the  opinion  of  one  reader  at  least 
that  the  care  of  fractures  is  fraught  with  the  possibility  of  many 
perils  protean  in  their  aspects  and  unfortunately  uncertain  as  to 
final  results. 

They  have  given  us  what  ought  to  be  a  useful  text-book  for  the 
student  and  one  which  should  also  serve  as  a  sound  guide  later, 
when  the  responsibility  of  handling  fractures  may  otherwise 
occasion  him  sleepless  nights.  ,  E.  H.  H. 
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